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1 .  Laser  Technology 


A.  Abstracts 


Anisimov,  S.  I.,  B.  I.  Dmitrenko,  L.  V. 

Leskov,  and  V.  V.  Savichev.  Effect  of 
surface  reflectance  on  evaporation  of 
metal  by  intense  optical  flux.  FiKhOM, 
no.  4.  1972,  10-14. 

The  Question  of  conditions  for  optimum  vaporization  rate 
of  a  metal  target  by  laser  beam  has  been  treated  by  several  authors 
(cf.  Komotskiy,  Effects  of  High  Power  Lasers.  Dec.  1971,  36;  Plyatsko 
et  al.  ,  ibid.  ,  38).  The  problem  is  typically  attacked  from  the  point  of 
view  of  finding  the  limit  intensity  parameters  beyond  which  a  transition 
from  an  evaporative  to  explosive  regime  occurs.  In  the  present  paper 
the  authors  analyze  a  somewhat  idealized  model  of  this  problem,  in 
which  the  vapor  products  are  correlated  primarily  to  heat  reflecting 
properties  of  the  metal  surface.  The  case  is  limited  to  a  one -dimensional 
vaporization  front,  and  also  considers  only  those  laser  pulse  energies 
and  durations  for  which  optical  absorption  in  the  vapor  products  can  be 
assumed  negligible.  For  simplicity  the  opti  lally  abs orptive  surface 
layer  of  the  metal  is  also  neglected. 

The  problem  thus  reduces  to  solving  a  thermal  conductivity 
equation  with  nonlinear  boundary  conditions  at  the  moving  vaporization 

front,  given  as  follows  for  origin  of  coordinates  moving  with  the  vapor 
front; 


or 

0t 


—  x 


o2r  or 

a——+  V(t)~ 
dx 

—  Aqa  —  p  kAu> 


r(*,o)  =  r{oo,t)  =  0 


(1) 


where  a=  k/c p  is  metal  thermal  conductivity;  A  =  temperature  absorptivity; 
V  =  velocity  of  the  phase  boundary;  and  Aw  is  enthalpy  jump  at  vaporization; 
treating  the  vapor  as  an  ideal  gas,  Aw  =  X  -  RT/2  where  X  =  specific  heat 
of  vaporization  at  0°  K. 

In  view  of  the  complexity  of  the  boundary  conditions, the 
authors  resort  to  an  approximation  proposed  earlier  by  Anisimov  (TVT, 
no.  1,  1963,  116),  which  treats  the  problem  in  two  stages.  The  initial  stage 
is  considered  a  transient  one  in  which  the  vapor  front  accelerates  from 
zero  to  some  maximum  value,  carrying  a  layer  of  heated  matter  before  it. 
This  is  followed  by  a  stationary  motion  stage,  in  which  virtually  all 
absorbed  energy  is  utilized  in  vaporization;  this  accounts  for  the  bulk  of  the 
vaporization,  so  for  the  present  argument  the  first  stage  is  disregarded  as 
"lost  time".  It  is  shown  that  this  approximation  is  valid  for  temperatures 
well  below  X  /R  . 


Following  an  analysis  of  the  "lost  time"  interval,  the  authors 
then  derive  expressions  for  optimum  pulse  flux  density  q'  and  optimum 

»i' 

pulse  duration  t  to  achieve  maximum  vaporization  in  terms  of  the  given 
physical  parameters.  The  analysis  also  yields  an  expression  for  maximum 
travel  of  the  vaporization  front  in  terms  of  incident  flux  density;  this  is 
useful  for  cases  in  which  vaporization  should  be  kept  below  some  tolerable 
maximum,  e.g.  in  laser  welding. 
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Gulyayeva,  A.  S.  ,  B.  A.  Krasyuk,  V.  N. 

Maslov,  and  B.  A.  Sakharov.  Change  in 
photoluminescence  of  GaAs  single  crystals 
in  regions  damaged  by  a  laser  beam.  DAN 
SSSR ,  v.  205,  no.  4,  1972,  815-817. 

Test  results  are  described  of  damage  to  GaAs  single 
crystals  exposed  to  500  (is  pulses  from  a  neodymium  glass  laser. 
Specimens  were  1--2  mm  thick  and  were  polished  on  both  entrance 
and  exit  faces  prior  to  exposure.  At  the  1.06  p  wavelength  the 
specimens  then  had  absorption  coefficients  in  the  1  to  3 /cm  range. 
Damage  at  the  exit  surface  was  the  particular  object  of  study;  at 
incident  power  levels  of  about  5  x  1.0  w/cm  damage  began  to  appear 
in  the  form  of  pits  with  a  mean  depth  of  80  p,  as  seen  in  Fig.  1  (a). 
Evidence  is  cited  to  show  that  the  damage  occurs  from  post-pulse  heating 
of  the  surface  layer;  this  is  supported  by  measurement  of  GaAs 
dissociation,  twinning,  and  a  sharp  increase  in  dislocation  density,  all 
of  which  are  high  temperature  effects.  Further  tests  were  made  to 
measure  local  photoluminescence  response  in  the  damage  regions  using 
a  focus  beam  area  of  500  p  from  a  He-Ne  laser,  which  was  appreciably 
smaller  than  the  damaged  area.  Fig.  2  compares  the  change  in  photo 
response  for  two  types  of  n-GaAs,  one  doped  with  Te  and  the  other 
v  ith  trace  Cu.  The  reasons  for  the  observed  response  are  discussed 
in  terms  of  crystal  lattice  structure. 
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Exit  face  of  GaAs  crystal  in  beam 
region  (x270) 


a-  before  etching;  b-  after  etching 


The  Sixth  All-Union  Conference  on  Nonlinear 
Optics.  Minsk,  July  1972  (Preprint). 

Characteristics  of  filamentary  damage  from  laser -irradiated 
glass,  fused  quartz,  crystalline  quartz  and  leucosapphire  are  reported. 
Damage  was  induced  by  self-focusing  of  a  single  ultrashort  pulse  as  well 
as  a  series  of  ultrashort  laser  pulses  at  \  =  1.  06  g.  and  0.  53  g..  Under 


the  impact  of  ultrashort  pulse  sequences,  filaments  were  formed  in 
all  tested  materials,  in  which  local  recurrent  damages  were  detected. 
When  irradiated  with  a  single  ultrashort  pulse,  no  local  damage  was 
observed.  It  was  proven  experimentally  that  the  presence  of  local 
damage  in  self-focusing  filaments  is  caused  by  independent  effects 
of  single  ultraehort  pulses  in  a  burst.  Threshold  power  densities  for 
the  formation  of  self-focusing  filaments  are  given  for  glass,  quartz  and 
leucosapphire ;  estimates  of  critical  values  of  self-focusing  and 
values  are  also  given. 


Belobrovik,  V.  I.  ,  G.  I.  Borovkov,  L.  V. 

Volod'ko,  V.  S.  Sokov,  B.  I.  Taurotinskiy, 

A.  P.  Khapalyuk,  and  A.  V.  Chaley.  Thermal 
self-focusing  of  laser  radiation  in  plexiglas  and 
polystyrene.  The  Sixth  All-Union  Conference 
on  Nonlinear  Optics.  Minsk,  July  1972  (Preprint). 

The  phenomenon  of  self-focusing  of  powerful  neodymium  laser 
radiation  in  plexiglass  and  polystyrene  was  studied,  under  a  free-running  regime 
Laser  pulse  energy  was  200  joules,  duration  of  a  single  pulse  was  2  psec; 
burst  duration  was  600  psec,  with  a  nominal  interval  between  pulses  of 
5  psec.  The  length  of  damage  filaments,  the  threshold  of  their  onset, 
their  relation  to  radiation  energy,  and  the  size  of  the  focal  region,  were  all 
analyzed,  together  with  the  form  of  the  pulse  transmitted  through  the 
specimen.  A  ruby  laser  pulse  of  l  joule  and  5  microsecond  was  used  to 
determine  the  dependence  of  the  damage  type  on  laser  radiation  polarization. 

It  was  observed  that  damage  was  localized  in  the  plane  normal  to  the  E -field 
plane  laser  radiation.  A  thermal  mechanism  is  believed  to  be  responsible 
for  the  cited  phenomena. 


-6- 


Rysakov,  V.  M.  ,  and  V.  A.  Marushchak. 

Processes  of  self-focusing  and  destruction 
in  glass.  Sixth  All-Union  Conference  on 
Nonlinear  Optics.  Minsk,  July  1972  (Preprint), 

A  study  is  described  on  the  form  of  damage  tracks,  speed 
of  penetration  of  damage  filaments,  and  their  direction  of  growth,  in  a 
number  of  laser-irradiated  optical  glasses.  These  parameters  are 
analyzed  in  relation  to  the  laser  pulse  power  (ruby  or  neodymium), 
to  lens  focal  length,  to  divergence,  and  to  the  spectra.l  width.  The 
results  obtained  have  shown  that  damage  processes  and  self-focusing  can 
be  definitely  ascribed  to  the  development  of  a  collapsing  elastic  cylindrical 
wave  formed  by  electrostriction,  according  to  the  nonstationary  theory 
of  self-focusing  advanced  by  Kerr.  The  studies  were  also  concerned  with 
incident  light  propagation  and  its  scattering;  to  the  light  generated  by  the 
damage  regions;  and  the  dynamics  of  these  spectra  with  time.  It  was 
discovered  that  by  using  pulses  of  ~50  nsec  no  other  changes  in  pulse 
spectra  are  observed  but  those  produced  by  Raman  scattering.  This 
corroborates  the  hypothesis  that  in  this  case  self-focusing  is  determined 
by  electrostriction  and  not  by  low-inertia  processes;  the  latter,  if  they 
take  place  in  solids,  evidently  develop  only  by  picosecond  laser  pulses. 


Arifov,  U.  A.,  M.  R,  Bedilov,  T.  G.  Tsoy, 

D,  Kuramatov,  and  A.  Ibragimov,  Inte raction 
of  a  laser  plasma  with  air,  DAN  UzSSR,  no,  5, 

1972,  19-21.  (RZhF,  10/72,  no.  10D1006) 

(Translation) 

A  study  is  reported  on  the  interaction  of  a  plasma  jet, 
generated  by  focused  laser  radiation  on  Al,  W,  Ta  and  Ni  targets,  with 
neutral  air  molecules  at  10” 6  and  760  torr.  Peak  laser  power  in  a 
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Q-switched  mode  attained  10H  w/cm^,  Kinetics  and  emission  spectrum 
of  the  plasma  were  studied  in  the  visible  (400-600  nm)  and  ultraviolet 
(220-400  nm)  ranges,  as  well  as  propagation  of  the  plasma  from  the  target 
face  to  a  collector,  with  no  applied  external  electric  field.  At  10“^  torr, 
electron  and  ion  currents  up  to  10^  particles  were  registered,  at  velocities 
of  10?  cm/sec.  It  was  established  that  at  760  torr  ambient,  the  charged 
particles  are  fully  recombined  in  travelling  the  5  cm  from  target  to  collector. 


Letokhov,  V.  S.  ,  Ye.  A.  Ryabov,  and 
O.  A,  Tumanov.  Luminescence  and 
optical  breakdown  in  gas  under  a  CQ-, 
laser  pulse.  The  Sixth  All-Union 
Conference  on  Nonlinear  Optics,  Minsk,  July 
1972  (Preprint). 

Powerful  lasers  in  the  i-r  range  have  opened  the 
possibility  of  studying  resonance  impact  of  strong  fields  on  molecular 
systems.  Borde  (?)  and  others  have  observed  the  visible  luminescence 
of  ammonia  exposed  to  continuous  powerful  CC^  laser  radiation  whose 
frequency  coincided  with  the  line  of  ammonia  absorption;  this  phenomenon 
was  attributed  to  heating  NH^  to  a  high  temperature.  The  present  paper 
is  also  devoted  to  an  analysis  of  the  effects  of  powerful  CO^  laser 
radiation  on  ammonia.  It  was  discovered  that  at  a  definite  threshold 
intensity  Pth-  visible  luminescence  occurred,  growing  in  intensity 
with  the  increase  of  radiation  strength  until  at  a  second  threshold  p^> 
Pth-lum’  °Pt’-ca^  breakdown  took  place.  The  main  purpose  of  the 
experiment  was  the  investigation  of  the  mechanism  of  the  first  threshold 
luminescence  generation.  Initially  it  was  believed  that  this  effect  could 
perhaps  be  explained  by  oscillatory  heating  of  NH^  molecules  with 
subsequent  dissociation  and  luminescence  of  dissociation  products.  However, 
a  study  of  luminescence  time  characteristics  has  shown  that  the  mechanism 
of  oscillatory  heating  is  too  inertial  and  could  not  be  used  to  explain  a 
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luminescence  pulse  of~2xl0  sec  duration,  occurring  without  delay  with 

-7 

respect  to  a  laser  pulse  of  ~(2t5)  x  10  sec.  Ultraviolet  radiation 

with  an  intensity  of  p  >  P  ^  ^  was  detected,  which  could  be  explained  by 

high-level  electron  states  of  the  NH  molecule.  This  also  excludes  the 
,  .  3 

mechanism  of  oscillatory  heating  of  NH^  molecule  by  laser  radiation.  The 
paper  reviews  possible  mechanisms  of  threshold  visible  and  ultraviolet 
luminescence  of  gas  at  intensities  lower  than  the  optical  breakdown  threshold. 
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Aseyev,  G.  I.  ,  and  M.  L.  Kats.  Multiphoton 
excitation  and  ionization  of  T1  *  in  alkali  halide 
crystals.  Sixth  All-Union  Conference  on  Non¬ 
linear  Optics,  Minsk,  July  1972  (Preprint) . 


Multiphoton  excitation  of  photoconductivity  and  luminescence  was 
studied  in  NaCl,  KC1  and  KBr  crystals  activated  by  thallium  ions,  and 
exposed  to  ruby  and  neodymium  laser  radiation  in  spike  and  spikeless 
generation  regimes.  A  study  of  the  concentration  dependence  of  photo - 
current  power  i  and  of  the  dependence  of  i  on  laser  photocurrent  values 
F  has  shown  that  phosphor  photoconductivity  is  the  result  of  three-to  four- 
photon- excited  thallium  centers  when  the  specimens  are  irradiated  by  ruby 
01  neodymium  lasers.  By  comparing  photoelectric  signals  corresponding 
to  spike  and  spikeless  generation  pulses  it  was  established  that  the  photo¬ 
current  amplitude  in  the  rpike  regime  is  some  two  orders  higher  than 
for  spikeless  pulses.  Spikes  can  also  generate  a  larger  photocurrent  than 
can  monopulses;  this  is  accomplished  at  the  expense  of  reduction  in 
parameters  such  as  duration  and  area  of  localization  of  spikes. 


Luminescence  studies  related  to  laser  excitation  have  shown 
that  in  different  specimens  either  of  these  two  phenomena  can  take  place: 
a  simultaneous  excitation  of  thallium  centers  of  two  types,  or  excitation  of 
the  second  type  only.  This  is  due  to  ihe  magnitude  of  resonance  detuning 
between  the  effective  quantum  khco  and  the  maximum  absorption  band. 
Depending  or  the  value  of  F,  two  types  of  luminescence  T1  +  centers  were 
observed:  intracentral  and  recombination  types,  the  latter  being  accompanied 
by  crystal  photoconductivity.  In  making  measurements  it  was  noted  that 
from  burst  to  burst  the  intensity  of  short-wave  luminescence  of  the  specimen 
decreased,  whereas,  in  proportion  to  this  decrease,  the  long-wave 
luminescence  increased.  This  is  the  result  of  redistribution  of  impurity 
concentrations  in  favor  of  the  second-type  thallium  centers,  owing  to 
formation  of  additional  crystal  defects  by  the  laser  beam.  The  data  permitted 
computation  of  quantum  yield  as  well  as  probability,  cross-section  and  the 
multiphoton  absorption  coefficient  for  the  KCl  -  Tl  phosphor. 
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multiphoton  ionization  of  impurity  centers. 
Sixth  All-Union  Conference  on  Nonlinear 
Optics,  Minsk,  July  1972  (Preprint) 


An  experimental  study  was  made  to  analyze  damage  formation 
in  a  series  of  nominally  pure  and  impure  alkali  halide  crystals  from 
radiation  of  free-running  ruby  and  neodymium  lasers,  and  to  determine  the 
damage  thresholds.  The  value  of  critical  power  density  Pcr  was  found  not 
to  depend  on  parameters  such  as  impurity  concentration,  optical  wavelength, 
radiation  polarization,  or  orientation  of  wave  electric  vector  with  respect 
to  crystallographic  axes.  The  governing  criterion  is  the  level  of  nonselective 
crystal  absorption  of  the  laser  generation  frequencies.  It  was  shown  that 
the  effect  of  laser  optical  fatigue  is  caused  by  a  decrease  in  background 
transparency  of  specimens  following  repeated  pulsing.  In  the  case  of 
indium  and  silver  phosphors,  the  fatigue  is  evidenced  by  the  formation  of  color 
centers. 


To  explain  the  mechanism  of  damage  to  alkali  halide  crystals, 
attempts  were  made  to  detect  the  presence  of  stimulated  Brillouin  scattering 
and  of  local  heating  in  the  specimens.  No  scattering  components  were 
detected  up  to  values  of  P=  Pcr.  Temperatures  in  the  focal  region  were 
100-500°  C  at  a  density  — 1/5  Pcr»  rising  to  ~5000°  C  at  P  =  Pci,. 
Measurements  show  that  hypersonic  phonons  and  high  frequency  breakdown 
cannot  cause  damage  in  alkali  halides  if  the  laser  operates  in  a  free -running 
regime.  The  basic  mechanism  is  the  local  heating  of  specimens,  related 
to  the  absorption  of  some  portion  of  laser  energy  by  nonselective  crystal 
defects. 
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A  relation  was  established  between  the  damage  mechanisms 
and  the  multiphoton  ionization  of  activation  centers.  It  is  demonstrated 
that  a  unit  decrease  in  the  assumed  degree  of  photon  generation,  in 
relation  to  the  process  of  photoconductivity  excitation  of  activated  alkali 
halide  crystals,  as  observed  by  the  authors, is  due  to  thermal  ionization 
of  excited  impurity  centers. 


Anoshin,  A.  N.  ,  G.  M.  Zverev,  Ye.  A. 

Levchuk,  and  V.  A.  Pashkov.  Study  of  the 
surface  resistance  of  nonlinear  crystals  to 
laser  radiation.  Sixth  All-Union  Conference 
on  Nonlinear  Optics^  Minsk,  July  1972 
(Preprint). 

This  is  apparently  a  rework  of  the  paper  already  reported 
by  Zverev  et  al  on  anomalous  damage  effects  to  lithium  niobate  and 
lithium  tantalate  (October  1972  report,  p.  1),  and  includes  octahedral 
specimens  of  Ba2Nb^02  as  a  target  specimen.  The  findings  are 
essentially  those  of  the  cited  earlier  paper. 


Lokhov,  Yu.  N.  ,  V.  S.  Mospanov,  and 

Yu.  D.  Fiveyskiy.  Optical  surface  strength 

of  a  transparent  dielectric  and  formation 

of  a  thermal  lens.  Sixth  All-Union  Conference 

on  Nonlinear  Optics,  Minsk,  July  1972  (Preprint). 

Stress  dynamics  and  thermal  lens  formation  were  studied 
in  the  vicinity  of  the  surface  of  an  optically  transparent  solid  isotropic 
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dielectric  when  a  giant  laser  pulse  was  passed  through  its  surface.  . 

The  laser  pulse  had  a  Gaussian  form  and  a  rectangular  dependence- 

(sic)  on  time.  The  study  was  concentrated  on  the  near-axis  region 

(parabolic  approximation)  and  accounted  for  both  surface  and  internal 

absorption  of  radiation;  surface  fusion  was  not  considered.  The 

thickness  of  the  surface  absorption  layer  was  10  cm;  in  this  layer  the 

fraction  of  absorbed  energy  of  the  incident  radiation  was  the 

dielectric  surface  was  assumed  to  be  mechanically  free .  Calculations 

showed  that  at  pulse  termination  the  compressive  stresses  <*ri.  and  d  xx 

were  maximal  within  the  temperature-affected  surface  layer  of  a  VT7 
-5  2  o  1 

'st  10  cm,  where  aQ  is  the  thermal  conductivity  coefficient  of  the 

dielectric,  and  =  10  sec  is  the  pulse  duration. 

The  critical  value  of  the  pulse  power  density  Wcr  causing 

surface  destruction  is  derived  from  c  formula  for  maximum  values  of 

stress  half-sums,  1/2  (  d  +  )  and  of  the  stress  fd  1  which  leads  to 

rr  xx  L  r J 

compressive  destruction  of  the  dielectric.  Tensile  stresses  d  reach 

3  rr 

their  maxima  when  the  distance  from  the  surface  is  v  t  .  "=  10  cm,  where 

r 

v  is  the  speed  of  sound  in  the  dielectric,  at  pulse  power  density  Wc;  at  this 
density  the  tensile  stress  is  not  sufficient  to  destroy  the  surface  layer 
by  tension.  It  should  be  noted  that  the  results  obtained  refer  to  the  exit 
face  of  the  target  specimen. 

The  probable  damage  mechanism  is  given  as  follows; 
compressive  stresses  generated  by  surface  heating  break  down 
crystalline  bonds;  tensile  stresses  cause  a  dielectric  layer  to  split  off. 
Absorption  of  laser  radiation  in  the  dielectric  surface  layer  leads  to  tensor 
change  of  the  dielectric  constant  of  the  matter  owing  to  thermoelastic 
stresses  under  continuously  changing  temperatures.  In  the  case  of 
radiation  focused  deep  into  the  dielectric  by  external  optics,  the  position 
of  focal  point  varies  with  time.  It  should  be  noted  that  for  short  pulses 
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(  ~10  sec),  distortion  of  the  flat  dielectric  face  is  negligible;  however 

on  the  laser  optical  axis  at  a  power  density  of  W  ,  surface  displacement 

-7  c 

is  10  cm.  Within  the  laser  pulse  duration  the  focal  point  shifts  at  a 

constant  velocity  whose  direction  is  determined  by  (dn/dT)u^,  where 

n  is  coefficient  of  refraction, T  =  absolute  temperature,  and  u^  is  the 

deformation  tensor.  At  Wc  the  net  shift  in  focal  distance  AF  at  pulse 

termination  amounts  to  5%  of  the  focal  distance  value  of  the  external 

optics. 


Novikov,  N.  P.  ,  V.  P.  Perminov,  and 
A.  A.  Kholodilov.  Stationary  one¬ 
dimensional  destruction  of  thermoplastics 
by  intense  fluxes  of  beamed  energy.  I-FZh, 
v.  23,  no.  2,  1972,  257-266. 

In  a  previous  work  Novikov  et  al  (June  Report,  p.  8) 
described  damage  effects  to  polymers  from  a  combination  of  hot  gas  and 
laser  irradiation.  The  present  report  is  a  variant  of  the  technique  in 
which  polystyrene  (PS)  and  PMMA  elements  were  irradiated  by  a  CO^ 
laser  whose  beam  width  was  substantially  greater  than  target  diameter. 
Atl0.6p  these  materials  are  effectively  opaque,  so  all  incident  laser 
energy  was  considered  to  be  absorbed.  Cylindrical  specimens  4  mm  in 
diameter  were  exposed  in  vacuo  to  a  6  mm  diameter  beam  of  unspecified  power 
polished  wafers  of  NaCl  were  interposed  opposite  the  impact  face  to 
intercept  disintegration  products  from  the  heated  area.  In  addition,  a 
seiies  of  thermocouples  was  initially  imbedded  in  the  specimens  at 
prescribed  distances  from  the  original  impact  surface. 

With  this  configuration  the  destruction  dynamics  of  PS  and 
PMMA  wer  recorded  and  are  described  in  detail.  Results  showed  that 
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effect  can  be  described  by  a  time -tempe rature  function  in  terms  of 


I  ',o.  1.  Temperature  vs  Fig.  2.  Zone  temperature 

ej  posure  time,  PS  and  characteristic  of  thermo- 

PMMA.  Original  thermo-  plastics, 
couple  depths  =  7  mm  (1); 

8  mm  (2);  12  mm  (3);  13 mm 

(4) ;  and  LO  mm  (5).  Curve 

(5)  is  T(t),  others  are  IgT(t). 


are  claimed  to  be  discernible,  as  shown  in  Fig.  2.  Zone  I,  the  farthest 
from  the  impact  face,  is  solid  polymer  which  obeys  a  Michelson  exponential 
temperature  response  up  to  the  softening  point,  T  ,  where  an  abrupt  shift 
in  thermal  capacity  occurs.  Zone  II  is  a  highly  elastic  state;  Zone  III  is 
a  quasi-liquid  with  inception  of  pyrolysis,  and  Zones  IV  and  V  are  in  the 
form  of  fine  droplets  of  fused  polymer.  Photos  of  the  debris  deposited  on  the 
NaCl  wafers  show  both  droplet  and  solid  particle  ejecta  occurring;  a 
distribution  analysis  of  particle  formation  is  given.  The  results  show  in 
general  that  the  damage  process  is  uniform  throughout  the  laser  exposure 
and  can  be  considered  as  one-dimensional  and  stationary. 


Malyshev,  G.  M. ,  G.  T.  Razdobarin, 
and  V.  V.  Semenov.  Scattering  method 
for  determining  the  plasma  parameters 
of  a  laser  spark  in  air.  ZhTF,  no.  7, 

1972,  1429-1431. 

A  method  is  described  for  determining  plaoma  parameters 

of  interest  in  a  laser  spark  in  air  which  eliminates  the  usual  requirement 

for  high  spectral  resolution.  It  is  shown  that  electron  density  n^, 

temperature  Tg  and  the  parameter  cf  can  be  found  from  the  measured 

differential  to  the  satellite  peak,  X  ,  together  with  the  ratio  of  integral 

intensity  of  electron  peaks  to  Rayleigh  scattering  in  air,  J  /j  .  Formulas 

e  p 

defining  these  relations  are  given,  showing  that  the  desired  unknowns  can 
be  determined  without  a^y  stipulation  as  to  mean  ion  charge  or  the  ratio 
of  electron  to  ion  temperature.  Experimental  verification  was  obtained 
using  two  synchronized  lasers  and  a  scattering  radiation  registry 
system,  described  earlier  by  the  authors  (Diagnostika  plazmy,  vyp.  3. 
Moskva,  Atomizdat,  1972).  Fig.  1  gives  a  comparison  of  test  vs.  theoretical 
data,  showing  qualitative  agreement;  the  data  points  shown  are  averaged 


Fig.  1.  Scattering  radiation  spectrum 
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for  several  readings.  As  seen  from  the  figure,  the  separation  of 

o 

main  and  satellite  peaks  X  =  58  ±  2A .  The  cited  data  refe:  to  the 

m 

first  11  microseconds  of  the  spark  life,  at  a  laser  energy  of 

approximately  1  joule.  For  these  conditions  the  following  were 

1 T  3  4 

calculated:  n  ^  =  1 . 2  x  10  /cm  ;  T  -  1.4x  L(T  deg  K;  and  n/^  3 . 3  . 

C3  C 

When  beam  energy  was  reduced  to  0.6--  0.8  j,  these  values  were 
essentially  unchanged,  within  limits  of  experimental  accuracy, 
indicating  the  relatively  weak  correlation  of  laser  energy  to  spark 
spectral  parameters. 

! 
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Omel'chenko,  A.  Ya.  ,  V.  I.  Panchenko,  and 
K.  N.  Stepanov.  Absorption  of  an  extra¬ 
ordinary  electromagnetic  wave  in  a  linear 
layer  of  plasma  in  the  hybrid  resonance 
region.  IVUZ  Radiofiz,  no.  5,  1972, 

660-664. 

The  article  presents  the  results  of  numerical  calculation 
of  the  absorption  coefficient  and  field  distribution  of  an  extraordinary 
wave  at  normal  incidence  to  an  inhomogeneous  magnetically  active  plasma. 
The  case  is  considered  when  the  external  field  is  homogeneous  and  is 
normal  to  the  direction  of  plasma  density  changes.  It  is  assumed  that 
density  changes  linearly  along  the  x-axis  and  that  effective  frequency  of 
electron  collision  with  heavy  particles  v  is  small  in  comparison  to  wave 
frequency. 


The  equation  defining  the  component  of  electric  field  E 

in  the  plasma  was  solved  by  computer  in  two  different  ways,  both 

yielding  identical  results;  using  the  Rungc-Kutta  method,  and  by 

2  2  2  2 

numerical  summation  of  series  for  E  by  degrees  £  =  to^/co  +  to^/co  -1. 
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Results  of  calculations  are  given  for  various  values  of  the  parameters 
2  2  2  2 

u  =  to  and  p  =  co/c  dx/d(cor  /to  ),  as  shown  in  Figs.  I  and  2. 


Fig.  1.  Q(u)  for  a  strongly  inhomogeneous 
plasma  at  p  =  1(1);  0.  8  (2);  0.  5  (3)  and  0.  I  (4). 

Fig.  I  illustrates  the  dependence  of  the  absorption  coefficient  Q  on  the 
value  of  the  parameter  u  in  a  strongly  inhomogeneous  plasma,  for 

P  -  0.1-1.  For  a  weakly  inhomogeneous  plasma  p  =  10 - 20;  and  for 

a  moderately  inhomogeneous  plasma  the  value  of  p  3-5.  The 
corresponding  graphs  for  weak  and  moderately  inhomogeneous  plasma 
are  given  in  the  article. 

Fig.  2  shows  the  distribution  of  electric  field  in  a  strongly 
inhomogeneous  plasma  for  p  =  0,  5  and  u  =  0.57.  The  article  contains 
some  additional  data  on  the  distribution  of  the  variable  £  in  relation  to 
various  values  of  the  parameters  u  and  p.  The  results  obtained  are 
qualitatively  evaluated.  The  absorption  coefficient  is  appreciable  only  in 
those  cases  when  the  distance  between  the  first  point  of  reflection  and 
the  resonance  point  is  comparable  with  the  wavelength  in  plasma.  In  a 
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weakly  inhomogeneous  plasmafp»l )  this  can  occur  only  in  a  weak 
magnetic  field  (u«l).  In  the  case  of  strong  inhomogeneity  (p£l)- 
strong  absorption  may  take  place  even  at  u~l. 


-2  0  2  4  6  a  ill  5 


Fig.  2.  Field  distribution  at  p  =  0.5, 
u  =  0.57. 
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A.  Abstracts 


Buzhinskiy,  O.  I.,  and  L.  P.  Volkov. 

Investigation  of  shock  waves  generated 
in  an  electromagnetic  shock  tube.  ZhTF, 
no.  8,  1972,  1733-1739. 

Shockwave  generation  in  a  spark-driven  shock  tube  at 
a  normal  pressure  of  driver  gas  was  studied  experimentally  to  resolve 
a  discrepancy  between  a  theoretical  model  of  a  magnetic  piston  and 
earlier  experimental  data.  The  electromagnetic  energy  of  the  electric 
discharge  field  was  used  to  accelerate  plasma  bunches  in  vacuum  and 
produce  high-temperature  plasma  at  high  initial  pressure.  The  experi 
mental  assembly  (Fig.  1)  consisted  of  a  50  capacitor  battery,  a  three- 


Fig.  I,  Schematic  of  plasma  generator. 

1-  stationary  gas  region  ahead  of  the 
shockwave  front,  magnetic  field  H  =  O; 
II-  shock  compressed  gas  region,  H  =  O; 
and  III-  H  4  O  region.  I-  magnetic  field 

2-  current  filament,  3-  shockwave. 
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electrode  spark  gap,  discharge  chamber,  and  recording  instruments. 
The  rectangular  discharge  chamber  contained  flat  electrodes  for - 
acceleration  of  the  current  filament.  Shadow  photography  at  the  rate 
of  250,000  frames/sec  was  used  to  record  shockwaves.  Four 
different  connection  arrangements  for  the  discharge  chamber  (Fig.  2) 

a 


BSE)  insulation 
E2J  conductor 

Fig.  2.  Discharge  chamber 
connection  arrangements. 

D-  shock  wave  velocity,  F^  - 
ponder omotive  force. 

were  used  to  examine  the  H  and  Joule  effects  (a),  the  dielectric  plug 
effect  (b,  c),-  and  the  Joule  effect  alone  (d).  All  experiments  were 
conducted  at  73  0  torr  and  20°  C  in  air  or  He.  Typical  photographs  of 
shockwave  propagation  clearly  show  three  distinct  regions.  The  initial 
stage  of  shock  wave  formation  and  its  subsequent  separation  from  the 
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plasma  front  were  also  recorded.  The  stabilized  shockwave  velocity 
D  remains  constant  over  an  extended  propagation  path.  A  comparison 
of  the  velocity  data  obtained  using  the  arrangements  in  Fig.  2  reveals 
that  magnetic  pressure  is  the  principal  factor  in  shockwave  generation 
in  the  a-type  arrangement.  The  plasma  front  nonplanar  configuration 
coincides  with  the  theoretical  configuration  of  the  interelectrode 
magnetic  field.  The  experimental  Dflt  at  variable  stabilized  discharge 
current  values  and  the  length  of  the  III  region  at  variable  distances  from 
the  observation  to  discharge  points  were  in  satisfactory  agreement  with 
the  theory  of  a'hiagnetic  piston".  The  method  described  is  consequently 
convenient  for  producing  laboratory  scale  shock  waves  with  a  plane  front. 


Dombrovskiy,  G.  A.,  and  V.  Ya. 

Turchenko.  On  unloading  waves. 

DANSSSR,  v.  204,  no.  5,  1972, 

1061-1064. 

The  problem  of  unloading  wave  propagation  in  a  semi¬ 
infinite  elastoplastic  cylinder  is  analyzed.  The  unloading  wave  is 
assumed  to  propagate  linearly  within  each  cylinder  element.  At 

the  cylinder  end,  h  =  0  (h  is  the  Lagrangian  coordinate)  and  the  normal 
stress  obeys  the  given  law  a  =  p(t)  where  t  is  time.  The  unloading  domain 

is  described  by 

-u  =  /i(a) +/»(P),  o/(p*g.)  =/»(«)  —  /»(P)»  (1), 

where 

a  =  g„t  —  h,  P  =  got  +  *•  (^) 

are  the  characteristic  variables,  gQ  =  yjE/pQ,  E  is  Young's  modulus,  and 
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is  the  cylinder  initial  density  It  is  shown  that  the  particle  u  of 
unloading  is  negative,  i.  e.  ,  the  u  (h,  t)  <0  inequality  is  satisfied- in  the 
unloading  domain  (t  4.  t  <  00 ,  0<h<cp(t).  The  finite  limit 


limu'  (/)  0  '/;-'cv. 


(3) 


was  established  as  a  necessary  and  sufficient  condition  for  the  existence 
of  h  =  gQt  -  b,  inclined  asymptote  to  the  unloading  curve  h  =  cp(t) .  Thus 
at  high  t  values,  the  unloading  curve  is  described  by  the  equation 


h  H-o(l). 

Using  (4)  and  representations  of  the  functions  g  =  g  (a)  at  ag  and 
CT  =  a( g),  asymptotic  expressions  were  derived  for  the  function  a.,,  (h)  of 
maximum  stress  and  residual  strain  at  h  The  stress  and  velocity 

continuity  condition  along  the  unloading  curve  and  the  cited  representations 
gave  an  asymptotic  representation  of  the  function  f^  (jS)  at  jS -»  ro.  Using 
the  f 2  (jS)  representation,  an  asymptotic  formula  was  derived  for  u  of  the 
cylinder  end 


(5), 

where  B  =  b-g  F(a  ).  Formula  (5)  is  a  unique  one  for  the  u  of  a  cylinder 
o  s 

end  subjected  to  the  longitudinal  tensile  stress  from  the  impact  of  a  rigid 

body  at  a  velocity  u  <  -  g  e  .  The  pressure  p  (t)  at  the  cylinder  end 

o  o  s 

decreases  asymptotically. 


U. 
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Vatolin,  Yu.  N.  Propagation  of  shock 
waves  with  slip.  IN:  Sb.  Chislovyye 
metody  mekhaniki  sploshnoy  sredy. 

Novosibirsk,  v.  2,  no.  5,  1971,  HI* 

114.  (RZhMekh,  6/72,  no.  6B212) 

(Translation) 

A  phenomenological  analysis  was  made  of  the  slip  effect, 
i.e.  continuous  fluctuations  of  the  tangential  component  of  shockwave 
velocity,  within  a  narrow  boundary  layer  adjacent  to  a  discontinuity. 

The  slip  effect  must  be  accounted  for  in  a  viscous  fluid,  in  contrast  to 
the  classical  theory  of  shock  waves  which  assumes  continuity  of  the 
tangential  velocity.  The  criteria  necessary  for  development  of  slip 
are  formulated.  The  criterion  at  the  high  pressure  p+  is 

l*r-|>im#>+(Y+4)/2p-J'/»  (1 

and  the  criterion  for  the  weak  oblique  shock  waves  is 


l‘’r-|>|/|(Y+il)c/Y 


(2). 


where  f  is  the  Coulomb  coefficient  of  friction,  is  the  tangential 
velocity  ahead  of  the  discontinuity,  C  is  sound  velocity,  and  p"  is  the 
density  ahead  of  the  discontinuity.  The  hypothesis  is  advanced  that  the 
existence  of  slip  waves  is  one  of  the  physical  causes  of  turbulence. 
Equations  are  derived  for  the  normal  component  of  velocity  and  pressure 
at  the  shock  wave  front  and  for  a  velocity  increase  at  a  constant  pressure. 
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Lominadze,  D.  G.  ,  and  A.  D.  Pataraya. 

Dynamics  of  plasma  heating  in  large  ampli¬ 
tude  collisionless  shockwaves.  IN:  Plasma 
Physics  and  Controlled  Nuclear  Fusion  Research. 
Proceedings  4th  International  Conference, 

Madison,  Wise.,  USA,  1971.  Vienna,  v.  2,  1971, 

345-353  (RZhMekh,  6/72,  no.  6B75). 

(Translation) 

A  theoretical  study  is  presented  of  the  structure  of  an 

isomagnetic  electrostatic  jump  within  a  collisionless  shock  wave  in 

plasma.  The  jump  is  attributed  to  heating  of  plasma  ions.  A  correlation 

of  the  Mach  number  in  the  jump  with  its  peak  potential  is  attempted. 

Three  plasma  models  are  examined.  The  first  model  is  represented  by 

a  nonlinear  wave  in  a  two-component  plasma.  The  components  are: 

cold  ions  and  hot  electrons  distributed  across  the  electrostatic  field 

in  inverse  proportion  to  the  square  root  of  ionic  electric  energy,  and 

in  proportion  toexp  [ -<v  (V  —  e cp)  3>  respectively.  The  electrons 

captured  by  a  potential  well  are  accounted  for.  The  second  model 

takes  into  account  the  ions  backscattered  from  the  hump  of  the  potential 

well,  obeying  a  Maxwellian  distribution.  The  third  model  is  based  on 

1/4 

the  assumption  that  the  ions  with  (Mp  /M^)  are  at  a  temperature  on 
the  order  of  the  electron  temperature  and  are  distributed  according  to 
a  step-function  while  cold  ions  are  distributed  according  to  a  delta 
function. 
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Polyanskiy,  0.  Yu.  Structural  characteristics 
of  weak  shock  waves  in  a  relaxing  gas.  IN: 

Uchenyye  zapiski  T sAGI,  v.  2,  no.  6,  1971, 

5 5-61  .(RZ'nMekh,  7/72,  no.  7 B224)(Tr anslation) 

A  classification  is  given  for  weak  shock  waves  in  a  relaxing 
gas.  Calculations  of  weak  shockwaves  are  given,  including  fully  dispersed 
waves,  in  a  medium  with  nonequilibrium  excitation  of  vibrational  degrees 
of  freedom.  A  comparison  is  made  with  re  ;ults  obtained  on  the  basis 
of  simple  linear  theory,  i.e.  the  acoustic  approximation. 


Wlodarczyk,  E.  Process  of  unloading  behind 
the  fronts  of  reflected  and  refracted  shock  waves 
in  plastic  layered  media.  Biul.  WAT  J.  Dabr owskiego, 
v.  21,  no.  1,  1972,  31-40  (RZhMekh,  6/72,  no. 

6  V492)(T  ranslation) 

Theoretical  confirmation  is  obtained  of  the  occurrence  of  a 
loading  process  behind  the  fronts  of  reflected  and  refracted  strong 
compression  and  shock  type  waves,  which  propagate  in  layered  media  with 
linear-elastic  unloading  characteristics.  Proof  is  obtained  of  the  absence 
of  unloading  behind  the  fronts  of  these  waves,  in  contradiction  to  several 
published  research  papers. 
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Yakusheva,  O.  B. ,  V.  V.  Yakushev,  and 
A.  N.  Dremin.  On  the  possibility  of 
diffusion  processes  in  solids  following  a 
shock  compression  period.  FGiV,  no.  2, 
1971,  264-266. 


The  diffusion  of  a  thin  copper  layer  into  trans  arent 
dielectrics  during  shock  compression  was  investigated.  The  experimental 
set  up  is  shown  in  Fig.  1.  A  ~100  X  copper  layer  was  vacuum  deposited 
on  a  plexiglass  or  LiF  backing.  In  the  absence  of  diffusion,  the  incident 
light  (5)  is  reflected  from  the  copper  layer.  When  copper  diffusion 
occurs  during  shock  compression,  the  thin  copper  layer  begins  to 
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Fig.  1.  Experimental  device  for  investigating 
reflection  properties  of  shock  compressed 
coatings . 

(1)  aluminum  shielding 

(2)  water  used  for  plexiglass  backing, 
acetone  used  for  LiF  backing 

(3)  copper  layer 

fl)  plexiglass  or  LiF 
(5)  argon  light  source 


dissolve  into  the  dielectric  and  form  a  diffusion  layer,  which  would 
lose  the  reflecting  capabilities  of  the  copper  layer.  The  reflected  light 
would  disappear  since  the  boundary  between  the  copper  backing  and 
the  liquid  does  not  reflect  the  incident  light.  The  shockwave  impact  duration 
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was  approximately!  p.sec.  The  experimental  results  (Fig.  2)  show  no 


Fig.  2.  Photochronogram  of  reflected 
light  from  (a)  Cu  with  plexiglass  backing, 
p  =  110-120  kbar;  and  (b)  Cu  with  LiF 
backing,  p  =  140-150  kbar 
t  =  time  of  incidence  of  the  shock  wave 
°  on  the  Cu  layer 


appreciable  decrease  of  the  reflection  coefficient  for  Cu  with  plexiglass 
and  LiF  backing.  Based  on  the  experimental  results,  an  upper  estimate 
is  made  of  the  diffusion  coefficient  of  Cu  into  plexiglass  and  LiF.  Using 
the  formula  from  Sh'yumon,  (Diffusion  in  Solid  Bodies  ,  Moskva,  1966), 

o  O 

X  =  2Dt,  where  X  is  the  diffusion  layer  thickness  (500A)  formed  in 
/  -5  2 

t  =  10  sec.  ,  the  authors  obtain  the  coefficient  D  =10  cm  / sec.  , 

max 

and  a  consequent  diffusion  coefficient  of  Cu  into  plexiglass  and  LiF 

-  5  2 

under  given  shock  compression  conditions  of  D410  cm  /sec.  The 
authors  conclude  that,  in  general,  the  possibility  of  diffusion  processes 
in  solids  during  shock  compression  remains  an  open  question. 
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Kondrya,  A.  K.  ,  and  N.  V.  Leont'yeva. 
Hypersonic  nonequilibrium-icnized  gas 
flow  around  blunt  bodies  taking  leading 
radiation  into  account.  ZhPMTF,  no. 

4,  1972,  179-182. 


Profiles  of  the  degree  of  ionization  r*  and  radiative  thermal 
energy  flux  qwere  computed  for  hypersonic  flow  of  argon  around  a 
spherical  body  with  a  radius  L  =  1-40  cm  and  a  total  surface  emissivity 
of  1.  Computation  was  based  on  a  flow  model  comprising  a  shock  layer 
and  a  leading  layer  heated  by  radiation  from  the  shock  layer.  Radiation 
absorbed  in  the  leading  layer  causes  gas  ionization  and  subsequent  heating 
of  the  layer.  The  leading  layer  is  distinguished  from  the  shock  layer  by 
a  significantly  lower  temperature  and  electron  concentration;  ionization 
by  collision  and  radiative  recombination  processes  in  the  leading  layer 
can  therefore  be  neglected  in  the  computations.  When  calculating  the 
shock  layer  radiation  parameters,  allowance  is  made  for  ionization  by  electron 
atom  collisions  and  radiation,  as  well  as  collision  induced-and  photo¬ 
recombination.  The  gas  kinetic  model  of  Clarke  and  Ferrari  and  an 
approximation  of  the  locally-one -dimensional  plane  layer  were  used  to 
compute  the  radiation  parameters. 


The  equation  of  radiative  energy  transfer  to  the  leading 
layer  was  solved  for  the  radiation  intensity  I  transferred  across  the 
compression  shock.  I  is  given  as  an  exponential  function 


/  —  C  exp  (—  ) 


(T1.  =  ~°)«a) 


(l) 


of  Tj  i  the  leading  layer  optical  coordinate  originating  at  the  shockwave 
surface.  Notations  in  (1)  are  the  same  as  in  a  previous  paper  by 
Leont'yeva  et  al  (ZhPMTF,  n6.  4,  1971,  121).  The  radiation  parameters 


\ 
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were  computed  by  a  double  iteration  method,  ignoring  the  radiation 
and  the  leading  layer  in  the  initial  iteration  step.  The  second  and  third 
steps  were  successive  calculations  of  the  radiation  field  distribution  in 
the  shock  and  leading  layers.  The  oncoming  flow  parameters  were 
assumed  to  be:  p^  2x10  ^  atm,  Tm  =  300°  K,  and  a  ^  =  10  .  The 

computed  O'  profiles  at  the  zero-flow  line  in  the  shock  layer  at  M  =  28.9 
show  that  the  shock  layer  optical  depth  t  is  significantly  smaller  around 
a  body  with  L  =  1  cm  than  one  with  L  =  40  cm.  It  follows  that  for  smaller 
sized  bodies  some  radiation  is  emitted  from  the  shock  layer  upstream 
of  the  flow.  Accounting  for  the  leading  layer  affects  the  solution  for 
L  =  1  cm  significantly  more  so  than  for  the  L  =  40  cm  solution.  The 
axisymmetric  q  profiles  (Fig.  1)  show  that  the  leading  layer  depth  is 
of  the  same  order  of  magnitude  as  the  body  dimension  with  an  L4:4cm, 


Fig.  1.  Radiative  energy  flux  q  in  terms 
of  the  dimensionless  coordinate  £  =  r-r  / 

A  *  O 

r.,,-r  and  the  distance  %  from  the  shock 
wave0  (r  and  r.,.  are  the  radius-vectors 
of  the  bo8y  surface  and  the  shock  wave). 
The  coordinates  £  =  0  and  £  =  1  denote 
the  body  and  shock  wave  surfaces, 
respectively. 
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ii  *.u  tVin  t  -  40  cm  body  and  comparable  in 

markedly  smaller  than  the  L  -  4U  cm  oouy 

shock  layer  depth.  The  shock  wave  flux  q  increases  wxthanj^as^ 

in  L.  The  *  profiles  in  the  leading  layer  qualita  tve  ye  . 

..  n  r,r nfiles  Thus,  the  a  values  ahead  of  the  snoc 

Tom  o’  006,  and  0.  010,  respectively,  for  h  =  l,  and  40  cm.  Under 
L  .L.  conditions,  the  leading  layer  gas  temperatnre 
factor  of  1.5  The  effect  of  M  of  ^  ~ onflow  «  £ «  ^ 

profiles  at  the  zero-flow  line  is  shown  in  F  g  . 


Fie.  2.  Degree  of  ionization 
a  at  the  zero-flow  line  versus 
the  coordinate  $  .  L  =  ^cm< 


Fie.  3.  Radiative  energy  flux 
q  at  the  zero-flow  line  versus 
£  and  1.  L  =  1  cm. 


The  flow  around  the  body  approaches  equilibrium;  the  incident  q,  q 

transferred  to  the  leading  layer,  and  o  in  the  leading  layer  increase 


an  increase  in  M 


A  shift  in  ray  direction  0  from  the  symmetry  axis  upward 
along  the  body  contour  is  shown  to  affect  the  magnitude  of  q,  but  not 
the  q  U)  profile.  At  M#  <  28.9  and  L  =  40  cm,  q  decreases  rapidly 
from  a  peak  value  at  0  =  0,  when  0  increases  to  0.  5  rad. 


Vlasov,  V.  I.  Calculation  of  aerodynamic 
characteristics  of  infinite- span  flat  plates  in 
hypersonic  rarefied  gas  flow.  IN;  Uchenyye 
zapiski  TsAGI,  v.  2,  no.  6,  1971,  116-118. 

(RZhMekh,  6/72,  no.  6B250)(Translation) 

Gas  flow  at  incidence  around  a  flat  plate  is  examined  at 
different  Knudsen  numbers  and  Mach  number  M  =  10.  A  Monte-Carlo 
numerical  model  of  test  molecule  motion  against  the  molecular  field 
background  was  used  in  calculations.  A  finite  rectangular  area 
surrounded  the  plate.  The  boundary  distribution  function  of  the  test 
molecules  was  assumed  to  be  identical  to  that  in  the  unperturbed  flow.  An 
iteration  method  was  applied  to  accurately  define  density  field  and  other 
quantities.  The  theoretical  results  are  compared  to  experimental  data. 


Bashurov,  V.  Model  of  rock  destruction 
under  tension  and  shear.  IN:  Sbornik. 

Chislennyye  metody  mekhaniki  sploshnoy 
sredy.  Novosibirsk,  v.  2,  1971,  95-100. 

{RZhMekh,  6/72,  no.  6V642)(Translation) 

An  attempt  is  made  to  design  a  statistical  model  of 
deformation  of  a  continuous  medium.  It  is  assumed  that  the  medium 
is  compose  of  contacting  elements.  Strength  (in  terms  of  loss  of  contact 
with  neighboring  elements)  is  distributed  according  to  a  specific  law.  The 
state  of  an  element  is  defined  by  the  pressure  and  the  first  and  second 
invariants  of  the  strain  tensor.  Elastic  unloading  of  an  element  under 
hydrostatic  and  shear  conditions  is  discussed.  Such  an  approach  takes 
into  account  the  loosening  effect,  i.e.  change  in  volume  by  shear,  nonelasti¬ 
city,  and  loss  of  strength  of  the  rock. 


Begoulev,  P.  B.  ,  and  Yu.  I.  Shmakov. 

Rheological  equations  of  state  for  weak 
polymer  solutions  with  rigid  ellipsoidal 
macromolecules  in  the  presence  of  an 
electric  field.  I-FZh,  v.  23,  no.  1,  1972, 

88-93. 

By  considering  a  flow  of  an  incompressible  solid  medium 
with  oriented  particles  in  an  electric  field,  the  authors  derive  genera.l 
rheological  equations  of  state,  assuming  that  the  tension  tensor  at  each 
point  is  a  function  of  shear  rates,  orientation  vector,  and  electric  field 
intensity.  The  general  equations  are  used  in  the  derivation  of  a  rheological 
equation  of  state  for  a  weak  polymer  solution  with  rigid  macromolecules  in 
a  dielectric  Newtonian  fluid  containing  an  electric  field.  Macromolecules  are 
modelled  as  dielectric  ellipsoids  of  rotation  with  a  constant  dipole  moment 
along  the  axis  of  symmetry.  The  orientation  of  the  macromolecule,  N^,  is 
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assumed  to  be  in  the  direction  of  the  constant  dipole  moment.  These 

suspended  macromolecules  move  slowly  and  in  a  complex  rotational 

motion  caused  by  the  hydromechanical  forces  and  the  electric  field. 

For  ellipsoids  with  an  effective  radius  r  <10  ^  m,  in  water  solution, 

the  orientation  is  also  a  function  of  the  rotational  Brownian  motion, 

and  is  characterized  by  the  distribution  function  of  the  orientation  vector 

hT-  Ikeda's  data  (J.  Chem.  Phys.  ,  38,  2839,  1963)  are  used  to  show  that 

the  angular  velocity  of  N.  (for  arbitrary  motion  in  the  presence  of  an 

electric  field)  is  given  by  one  of  the  general  rheological  equations  of 

state,  derived  by  the  authors,  and  a  set  of  constraints.  The  rheological 

equation  of  state  for  the  special  case  considered  is  obtained  by  averaging 

the  initial  general  rheological  equation  of  state  over  the  distribution 

function  of  the  orientation  vector.  The  rheological  constants  are  then 

determined  by  equating  the  effective  viscosity  (for  the  case  of  simple 

shear  motion  in  a  two  dimensional  electric  field)  with  the  effective 

viscosity  equation  obtained  by  the  structural  method.  For  a  sufficiently 

-4 

large  molecule  (  r  >10  m),  when  the  rotational  Brownian  motion  can 

be  neglected,  the  rheological  equation  of  state  is  given  in  a  simplified 
form.  The  effective  viscosity  obtained  from  this  equation  (for  a  simple 
shear  motion  in  an  electric  field)  agrees  with  the  results  of  Chaffey  and 
Mason  (J.  Coll.  Sci.  ,  20,  330,  1965), 


Korotkov,  V.  A.,  G.  A.  Nesvetaylov, 
and  V.  K.  Rakhuba.  Optimization  of 
electric  explosion  of  wire .  EOM,  no. 

3,  1972,  35-38. 

Empirical  relations  are  derived  for  calculating  the 
optimum  cross  section  for  an  electrically  exploded  wire.  Specifically, 
the  relation  of  wire  section  S  to  circuit  parameters  of  voltage  U, 
capacitance  C,  inductance  L  and  natural  frequency  f  is  obtained  for  copper 
wire  exploded  in  air  and  water.  From  a  number  of  possible  criteria  for  an 
optimum  explosion,  the  authors  use  the  one  advanced  by  Howard,  (Exploding 
Wires,  Plenum  Press,  N.  Y.  ,  1964)  in  which  the  electrical  efficiency  is 
defined  as  maximum  when  explosion  commences  at  the  peak  of  the  current 
pulse,  thus  insuring  maximum  shock  pressure.  It  can  be  shown  that  for 
practical  purposes  the  optimum  relation  can  be  given  by 

S  =k-l0-cuj*t  m3,  (1) 

where  k  is  a  coefficient  depending  on  wire  material  and  other  factors. 

This  linear  relation  agrees  substantially  with  exp<  rimental  data  of  several 
cited  authors;  it  also  is  shown  that  for  a  given  set  of  electrical  parameters 
the  optimum  wire  size  will  be  larger  for  an  explosion  in  water  than  in  air, 
owing  to  shunting  effects  in  the  gas  medium. 

From  the  empirical  relationships  obtained,  the  authors 
present  the  nomogram  of  Fig.  1  for  determining  optimum  wire  diameter  for 
copper  exploding  in  water  at  given  C,  U  and  L  values. 


(see  Fig.  1  next  page) 
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Fig.  1.  Nomogram  to  determine  optimum  Cu  wire  diameter 
for  underwater  explosion. 


Nikolayev,  F.  A.,  V.  B.  Rozanov,  and 
Yu.  P.  Sviridenko.  Investigating  the 
structure  of  a  high-current  discharge  in 


lithium  plasma.  TVT,  no.  3,  1972, 
486-490. 


The  distribution  of  high-current  discharge  parameters  in 
lithium  was  investigated  by  local  measurement  of  the  magnetic  field 
distribution.  Measurements  were  conducted  in  the  device  previously 


described  by  Klementov,  et.  al.  (TVT,  8,  736,  L970).  A  condenser 
battery  with  a  1800  pf  capacitance  and  5  kv  voltage  was  discharged  through 
a  0.17-0,31  mm  lithium  wire,  stretched  along  the  axis  of  a  chamber, 

145  mm  long,  ~100  mm  in  diameter,  and  evacuated  to  10  torr.  The 
maximum  discharge  current  attained  was  220  ka.  One  half-cycle  of 
current  lasted  70  psec.  The  radial  distribution  of  current  density  j(r) 
and  pressure  p(r)  was  determined  using  a  Maxwell  equation  and  an 
equation  of  gas  kinetics  and  magnetic  pressure,  respectively  (Fig.  1). 


Fig.  1.  Radial  distribution  of  current  density 
(a,  b)  and  pressure  (c,  d). 

a,  c  -  lithium  wire,  diameter  0. 17  mm; 

b,  d  -  lithium  wire,  diameter  0.31  mm. 

The  current  density  and  pressure  reached  a  maximum  at  the  discharge 
axis  and  fell  sharply  towards  the  periphery.  Based  on  the  j(r)  and  p(r) 
data,  the  temperature  T  and  particle  concentration  n  of  the  discharges 
were  calculated  using  ohm's  law  and  an  equation  of  state.  It  was  noted 
that  T  and  n  also  reached  a  maximum  value  at  the  discharge  axis  and  fell 
towards  the  periphery  (Fig.  2).  Calculations  yielded  maximum  values  of 


Fig.  2.  Radial  distribution  of  discharge  temperature 
(a,  b)  and  particle  concentration  (c,  d): 

a,  c-  lithium  wire  diameter  0.  17  mm. 

b, d-  lithium  wire  diameter  0.31  mm. 


current  density,  pressure,  temperature  and  particle  concentration  of 

2  o  18  3 

~  16  ka/cm  ,  ~  15  at,  50,000  K  and  ~10  /cm  ,  respectively,  for  a 

lithium  wire  of  0.17  mm  diameter  at  t  =  3  5  psec.  The  radial  dependence 

of  plasma  parameters  distribution  was  found  to  be  only  slightly  related 

to  time  duration.  According  to  the  authors,  excluding  the  initial  stage 

(0-25  psec),  the  discharge  was  of  a  quasi-stationary  character  and  the 

plasma  gas  kinetic  pressure  was  counterbalanced  by  elcctrodynamic  forces 

The  discharge  was  uniform  and  axisymmetric . 


-39- 


Shlyapnikov,  V.  V.  ,  and  V.  F.  Nozdrev. 

Application  of  equation  of  state  in  the 
critical  region  of  water.  IN:  Sbornik. 

Primencniyc  ul'traakustiki  k  issledovaniyu 
veshchcstvu.  Moskva,  no.  25,  1971,  217- 
221  (RZhKh,  12/72,  no.  12B659)(Translation) 

A  knowledge  of  certain  derivatives  of  the  state  parameters 

is  required  in  calculations  of  specific  heats  C  and  C  using  acoustic  data. 

P  ^ 

Since  only  the  derivatives  far  from  the  critical  temperature  can  be 
calculated  using  the  available  tabulated  data,  calculation  of  the  derivatives 
in  the  critical  region  requires  an  equation  of  state  adequately  describing 
changes  of  the  state  parameters  in  this  region.  In  the  present  paper, 
applicability  limits  are  established  of  a  Lependin  equation  which  is  most  suita¬ 
ble  for  the  description  of  water  in  the  critical  region.  A  formula  is  introduced 
for  the  Parameter  which  is  used  in  calculation  of  the  derivatives.  The 
specific  heat  Cyand  Joule-Thomson  coefficient  of  water  were  calculated 
by  the  proposed  method. 


Juza,  J.  ,  and  O.  Sifner.  Equation  of  state 
for  krypton  at  120  to  423°  K  and  0  to  1000 
bar.  Acta  Technica  CSAV,  no.  4,  1972, 

380-401 . 

A  new  equation  of  state  for  liquid  and  gaseous  Kr  is  derived 
on  the  basis  of  reliable 'experimental  data  reported  by  various  authors.  The 
equation  is  presented  in  the  general  form 
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where 


-©'ii-fe)' 

The  value  i  in  (1)  and  (3)  =  0,  l,  3.  In  the  critical  region,  two  values 

were  selected  for  the  exponent  k  in  (4):  k  =  16  for  density  9  <0.94 

3  3 

g/cm  ,  and  r  =  17.7  for  Q  >0.94  g/cm  .  The  a^  constants  in  (3) 

were  calculated  by  the  least  squares  method.  The  a^.  constants  in 

(4)  are  the  same  for  both  regions  of  9.  It  follows  from  (l),  (2),  and 

(3)  that  the  second  virial  coefficient  can  be  written 


B  = 

1000  RT 


In  the  130-423°  K  range,  the  B  values  calculated  from  (5)  were  in  good 

agreement  with  experimental  data.  At  110°  K,  the  difference  was  ~10%. 

Specific  internal  energy,  enthalpy,  entropy,  and  hci!  capacities  C  and  C  » 

H  v 

as  well  as  the  sound  velocity  w  were  calculated.  The  critical  temperature 

T  was  calculated  as  209.43°  K  when  using  the  experimental  data  in  units 
c 

of  the  IPTS-68,  and  209.65°  K  when  using  (l)  and  (4).  The  calculated 
p-v-T  data  were  checked  against  the  experimental  C  and  W  data  for 
thermodynamic  consistency.  The  mean  and  maximum  deviations  of  the  p-v-T 
data  calculated  by  means  of  (l)  from  the  experimental  p-v-T  data  were  0.054% 
and  0.305%,  respectively.  A  graphical  comparison  of  the  calculated  C  and 

r 

C  of  Kr  and  Ar  is  shown, 
v 
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Nurgozhin,  B.  I.  Angular  incidence  of  radio 
waves  in  large-scale  ionospheric  inhomogeneities. 
Geomagnetizm  i  aeronomiya,  no.  4,  1972,  761- 
763. 


A  numerical  analysis  on  the  effects  of  focusing  and  lateral 
diffraction  of  ionospheric  radio  waves  is  discussed.  The  effects  cause 
horizontal  inhomogeneities  in  electron  density.  Large-scale  shifting  disturban< 
inhomogeneities  are  considered,  which  are  characterized  by  a  crimping 
of  electron  density  in  the  horizontal  plane.  Calculations  were  based  on 
a  model  of  ionospheric  disturbance  with  a  square  law  refractivity  in  the 
form: 


where  f  is  the  probe  operating  frequency,  fQ  is  the  critical  frequency, 
zq  is  the  maximum  height,  and  z^  is  the  reference  half-thickness  layer. 
Lines  of  equal  ionization  in  the  model  are  wave-shaped  along  the  y-axis 
at  a  wavelength  X  and  a  relative  amplitude  disturbance  concentration  of 
6  =  AN/N. 


Phase  variation  ^  and  azimuthal  angle  of  incidence  a  values 

o 

were  in  the  range  0  to  ir  and  through  7T  /3  and  7r/l8,  respectively.  The 
numerical  values  of  the  remaining  model  parameters  were  constant  at 
f  =  10  MHz,  f  =  8  MHz,  z  =  3  00  km,  z  =  100  km,  X  =  200  km,  5  =  5%, 
and  <P  =  5  .  Fig.  1  shows  beam  trajectories  in  a  horizontal  plane  for  four 
disturbance  conditions. 
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Fig.  1.  Beam  trajectories  in  a  horizontal 
plane. 

Crosses  represent  points  of  reflection; 
dashed  lines  connect  points  of  beam  ground 
arrival  from  a  horizontal  homogeneous 
ionosphere  with  the  same  layer  parameters 
and  angle  of  departure  values. 


Fig.  I  indicates  that  during  lateral  incidence  to  inhomogeneity  the  signal 
beams  must  depart  from  the  plane  of  incidence.  The  azimuth  of  arrival 
of  reflected  signals,  as  plotted  in  Fig.  2,  varies  significantly  from  the 
actual  due  to  lateral  deviation.  The  curves  of  vertical  angles  of  arrival 
tp  as  a  function  of  aQ  indicate  that  the  trajectories  are  subject  to  strong 
deformation  even  in  the  vertical  plane.  Verti'al  angles  of  beam  arrival 
are  likely  to  be  either  greater  or  lesser  than  an  angle  of  departure  of  5°. 


(see  Fig.  2  next  page) 
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Fig.  2,  Relationship  of  vertical 
and  azimuthal  angles  of  arrival 
to  azimuthal  angles  of  incidence. 
(Phase  values  are  the  same  as 
Fig.  1). 


Bukin,  G.  V.  ,  and  Yu.  K.  Perekhvatov. 

Properties  of  plane  asymmetric  plasma 
waveguides  applied  to  shortwave  propagation 
in  inhomogeneities  of  the  upper  ionosphere. 

Geomagnetizm  i  aeronomiya,  no.  3,  1972, 

421-426. 

The  authors  analyze  the  propagation  of  E  type  (e*wt”*ukoz) 
waves  in  an  infinite  asymmetrical  plane  plasma  waveguide.  The  waveguide 
is  asymmetrical  with  respect  to  the  y  =  O  plane  and  consists  of  three  plasm 
layers  with  different  dielectric  permeabilities.  The  first  and  third  plasma 
layers  are  assumed  to  be  infinite  in  the  y  direction  when  their  thickness  is 


1 


much  greater  than  the  penetration  depth  of  the  surface  wave  E.  The 
thickness  of  the  second,  carrier  layer,  is  assumed  to  be  unity.  The 
waveguide  is  infinite  in  the  z-x  plane  and  is  considered  to  be  anisotropic 
in  a  zero  approximation  since  the  shortwave  operating  frequency  is 
much  greater  than  the  gyrofrequency  of  the  heterogeneities  of  the  upper 
ionosphere.  The  surface  wave  E,  propagating  in  the  z  direction,  is 
homogeneous  in  the  x  and  nonhomogeneous  in  the  y  directions  with  respect 
to  the  first  and  third  plasma  layers. 

Two  dispersion  equations  for  E  waves  are  derived:  one  for  the 
positive  and  one  for  the  negative  dielectric  permeabilities  of  the  carrier 
(or  adjacent)  plasma  layers.  Solutions  to  the  first  dispersion  equation  for  the 
four  types  of  E  waves  are  shown  in  Fig.  1  where  the  square  of  the  ph&se 
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Fig.  1.  Dispersion  curves  for 
E  type  waves . 

u  =  phase  deceleration  index', 

1  =  waveguide  thickness,  meters’, 

fQ2  =  2 MHz  carrying  plasma  layer 

frequency;  fQi  =  2.1  MHz  adjacent 
plasma  layer  frequency,'  f03  =  2.25 
MHz  adjacent  plasma  layer  frequency; 
radiation  frequency  f  =  5  MHz. 


deceleration  index  is  plotted  as  a  function  of  waveguide  thickness.  An 
equation  for  the  carrier  plasma  layer  critical  thickness  is  given;  and 
curves  showing  the  dependence  of  this  thickness  on  the  variation  between 

t 

plasma  frequencies  of  the  adjacent  and  carrier  layers  are  plotted  in  Fig. 
2.  The  relative  power  flux  carried  by  the  E  waves  is  derived  and  is 

hpc„,  meters 


Fi,.  2.  Carrier  layer  critical  thickness 
(lkpEn,  meters)  as  a  function  of  frequency 
variation  between  the  first  and  second 
(carrier)  layers  (fgi  -  fQ2),  f02  =  2  MHz, 
fQ3  =  2.25  MHz, the  radiation  frequency  = 

10  MHz. 

shown  graphically  as  a  function  of  carrier  layer  thickness  for  various 
parameters.  Wave  attenuation  in  laminar  plasma  waveguides  due  to 
collision  processes  is  analyzed.  The  real  and  imaginary  parts  of  the 
attenuation  coefficient  are  obtained  from  the  dispersion  equations  by  a 
perturbation  method.  The  standard  equation  for  the  attenuation  coefficient 
as  a  function  of  power  flux  loss  is  also  presented. 

Values  of  7  for  an  E  wave  as  a  function  of  waveguide 
thickness  are  obtained  and  shown  graphically.  The  existence  of  non- 
transparency  conditions  in  asymmetrical  plasma  systems  was  also  established. 
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Kashirskiy,  A.  V.,  Yu.  V.  Korovin, 

Y.  A.  Odintsov,  and  L.  A.  Chudov. 

Numerical  solution  to  a  two-dimensional 
nonstationary  problem  of  shell  motion 
from  detonation  products  effects.  ZhPMTF, 
no.  4,  1972,  76-79. 

The  effect  is  analyzed  of  a  pentolite  charge  detonation  at  the 
open  end  of  an  incompressible  cylindrical  shell.  Detonation  velocity  D  is 
0.7655  cm/|j.sec.  and  the  charge  initial  density  =  1.65  g/cmJ.  The 
charge  is  bounded  <n  one  side  by  a  rigid  wall  and  detonation  products  are 
discharged  into  a  vacuum.  The  detonation  products  equation  of  state  is 
given  in  a  trinomial  form.  A  two-dimensional  detonation  wave  strikes  the 
wall  and  generates  a  reflected  shockwave,  so  that  the  subsequent  gas 
propagation  is  isentropic.  The  shell  motion  is  described  by  the  equations 

dUldt  —  pRp,  dV/dt  —  pR\i  tg  y  (1) 

where  the  dimensionless  variables  U  and  V  are  the  vertical  and  horizontal 
velocity  components.  The  boundary  conditions  are  given  on  the  shell,  at  the 
front  of  outward  gas  flow,  and  at  the  wave  front  before  the  detonation  wave 
strikes  the  wall.  The  parameter  jj,  =  m/M  in  (1)  is  the  ratio  of  the  charge 
and  shell  masses,  and  7  is  the  angle  between  the  U  vector  and  normal 
to  the  shell  surface.  Equation  (1)  is  solved  numerically  for  U  and  V  in  a 
second  order  of  approximation.  A  generalized  solution  to  the  problem  of 
hypersonic  flow  around  a  blunt  body  was  used  in  the  computations.  Fig.  1 
shows  that  shell  displacement  is  relatively  small  near  the  charge  end. 
Motion  of  the  shell  sections  at  the  rigid  wall  is  delayed,  but  the  initial 
acceleration  is  greater.  The  axial  velocity  of  gas  front  propagation  in 
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Fig.  1.  Positions  of  the  shell  and  gas  cloud 
at  varying  times  t  for  the  parameters: 

(i.  =  l  and  X  =  1/Rq  =  2  (His  the  length  and 
R0  is  the  charge  initial  radius). 


vacuum  increased  from  0.7  to  0.92.  A  comparison  was  made  of  the  p(t) 
at  a  rigid  wall  after  detonation  wave  reflection  (Fig.  2)  and  U(R)  (Fig.  3) 
calculated  for  one  and  two-dimensional  solutions. 
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Fig,  2.  Pressure  p  versus  t: 

1-  two-dimensional  solution, 

2-  one-dimensional  solution 
using  the  same  equation  of  state, 

3-  one -dimensional  solution  for 
polytrope  p  p  "3  =  const. 


Fig.  3.  Radial  velocity  u  versus 
shell  radius  i.  for  z  =  1  cross- 
section.  The  dotted  line  is  for  the 
one -dimensional  solution  of  shell 
expansion  for  an  instant  detonation 
described  by  the  polytrope  p  p  “3  = 
const. 


| 
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Kosarev,  I.  B.  ,  I.  V.  Nemchinov,  and 
V...  N.  Rodionov.  Redistribution  of 
emitted  energy  from  a  powerful  tubular 
source,  taking  wall  re -emission  into 
account.  DAN  SSSR ,  v.  206,  no.  3,  1972, 
572-575. 


Radiative  transfer  is  theoretically  examined  in  an  empty 
cylindrical  tube  in  which  a  point  source  at  a  temperature  Tq~10  deg  K  is 
centrally  positioned.  The  assumed  model  is  applicable  to  small  confined 
nuclear  explosions.  Source  radiation  penetrates  and  heats  the  wall 
surface  layer  to  a  very  high  temperature.  High  pressure  generated  by 
radiant  energy  simultaneously  imparts  motion  to  the  wall  material;  the 
radiant  energy  is  consequently  converted  into  thermal  and  kinetic  energy 
of  the  wall  material.  The  wall  material  also  emits  an  intense  radiation 
which  causes  tube  energy  redistribution  along  the  axis  of  symmetry.  The 
energy  is  redistributed  along  the  wall  length  z.;.  >r  (r  =  channel  radius),  in 
the  practically  important  case,  when  the  tube  length  L  >  r  and  redistribution 
is  sufficiently  strong.  The  periods  of  interest  are  those  when  the  dispersed 
plasma  layer  thickness  is  X  <  r,  andx<z*,  the  characteristic  distance 
of  a  substantial  change  in  temperature  and  pressure  along  the  channel  axis. 

It  is  concluded  that  gas  dynamic  propagation  of  the  vapor  layer  can  be 
calculated  on  the  assumption  of  two-dimensional  or  cylindrically  symmetrical 
motion.  The  problem  of  radiative  transfer  in  a  cyundrically- symmetrical 
channel  is  solved,  assuming  that:  1)  the  radiatior  directional  pattern  is 
nearly  symmetrical  in  relation  to  an  axis  normal  to  the  wall  and  the  direction 
of  propagation;  2)  the  channel  wall  is  a  black  body;  and  3)  vapor  layer 
radiation  transfer  proceeds  by  the  mechanism  of  radiant  thermal  conduction. 
In  the  cited  approximation,  radiation  propagation  along  the  channel  axis  is 
described  by  the  diffusion -type  equation 


dU 

dt 


2 re  PU  _  e_ 

3  di»  1  4 or 


('*  +  *)' 


(1) 
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where  U  =  T  ,  z  is  the  coordinate  of  a  point  on  the  cylinder  surface, 

2  2  1/2 

R  =  (r  +  z  )  is  the  distance  from  a  given  point  to  the  source,  c‘ 

0 

is  sound  velocity,  6  is  the  Stefan- Boltzmann  constant,  I  is  the  source 

intensity,  and  is  the  density  of  radiation  flux  dissipated  in  a  given 

wall  section.  Equation  (1)  shows  that  the  effective  free  path  of  quanta  = 

~  1/2 

2r,  and  that  at  any  time  t  a  heated  region  of  z.,.  =  (2  ret)  exists.  The 

heatwave  front  propagation  in  the  wall  material  is  shown  in  Fig.  1. 


Fig.  1.  Heatwave  propagation  in 
the  wall  material  (lines  f).  s  = 
[2r2(l-cos  <P  )  +  (z* -z)2] 1  is  the 
distance  from  a  given  point  with  a 
z  coordinate  to  the  re -emitting 
cylinder  surface. 


Equation  (1)  with  the  initial  condition  T  (z,  0)  =  O  is  solved  for  U(z,  t). 
Numerical  calculations  confirmed  the  applicability  of  equation  (1)  to  a 
description  of  the  axial  radiation  propagation.  In  the  approximation  of 
radiant  thermal  conduction, 


7»  =  rjof;  T]  =  A  l  /  x.  (2) 

where  l  is  the  dissipated  vapor  layer  radiation  path,  x  =  m/p  m  is  the 

2 

vaporized  mass /cm  of  the  channel  surface,  p  is  the  average  vapor  density, 
and  A  a  1  is  a  numerical  factor.  The  parameter  17  in  (2)  was  evaluated  for 
an  aluminum  wall  at  a  time  t'  =  r/(10u),  where  u,  the  dissipation  velocity, 
is  a  C  at  T*,  the  channel  surface  average  temperature  aLong  Z,.;.  Applying 

the  equation  of  energy  continuity,  T*  was  found  to  be  a0.33T  .  For  r  = 

-1/8  '  u 
1-3  m  and  T  ~  t"  at  the  vapor  layer  boundary,  P  *  a  0. 1-0. 15  p  Q,  where 


-50- 


P  o  is  the  solid  material  density.  Using  the  cited  T*  and  P  *  values, 

V  was  calculated  to  be  ss  0.  003 -0. 005.  Radiant  energy  absorption 
by  the  channel  walls  at  such  ij  values  is  moderate,  and  the  redistribution 
of  this  energy  along  the  channel  axis  is  fairly  significant.  At  a  time  t* 
and  with  a  sufficiently  high  power  source,  z;,;  is  evaluated  to  be  >r. 

The  presumption  of  a  significant  radiant  energy  redistribution  along  the 
channel  axis  therefore  appears  to  be  valid. 


Shidlovskiy,  V.  P.  .Self- similar 
motion  of  a  viscous  and  thermally 
conductive  gas  from  sudden  energy 
release.  MZhiG,  no.  3,  1972,  117- 
123. 

The  problem  of  self-similar  motion  from  an  explosion  in 
an  infinite  volume  of  viscous  heat-conducting  gas  is  solved  for  an  initial 
gas  density  expressed  by  a  power  function  of  the  space  coordinate.  The 
condition  of  self- similarity  is  formulated.  The  dimensionless  values  of  velocity 
density,  pressure,  and  temperature  functions  near  the  perturbation  front 
(the  variable  ’?_*"1)  and  the  zero-point  (center,  V  =  0)  are  approximated  by 
asymptotic  expansions  in  a  power  series.  Numerical  solutions  of  the 
asymptotic  formulas  with  a  given  accuracy  are  presented  for  an  axisymmetric 
motion  with  viscosity  proportional  to  the  square  root  of  temperature  and 
three  values  of  the  parameter  X,  a  characteristic  of  viscosity  and  heat 
conductivity.  The  parameter  X  is  related  to  rarefaction  of  the  medium 
and  the  explosion  power. 
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Yurgens,  D.  I.  Propagation  of  cylindrical 
waves  in  concrete.  IN:  Trudy  TsNII 
stroitel'nykh  konstruktsiy,  no.  19,  1971, 

218-225  (RZhMekh,  6/72,  no.  6V814). 

(T  ranslation) 

Axisymmetric  propagation  of  deformation  waves  in  concrete 
is  analyzed.  The  waves  are  generated  by  detonation  of  an  explosive  charge 
placed  in  a  cylindrical  cavity.  A  nonlinear  relationship  is  established 
between  the  second  invariants  of  stress  and  strain  deviators  in  concrete. 
Characteristic  equations  and  correlations  are  derived.  Formation  conditions 
are  formulated  for  shock  waves  and  radial  cracks  in  concrete,  in  the 
vicinity  of  a  charge  cavity. 


Deryagin,  B.  V.  ,  B.  V.  Spitsyn,  D.  V. 

Fedoseyev,  V.  A.  Ryabov,  A.  V.  Bochko, 
and  A.  V.  Lavrent'yev.  Synthesis  and 
properties  of  diamond  autoepitaxial  films. 

IN:  Sbornik  Fiziko-khimiche skiye  problemy 
kristallizatsii,  Alma-Ata,  no.  2,  1971,  90- 
95.  (RZhKh,  12/72,  no.  12B525).  (Translation) 

The  electron  diffraction  patterns  and  physical  properties 
were  studied  of  epitaxial  diamond  films,  deposited  under  low  supersaturation 
conditions.  It  was  shown  that  the  structure,  elementary  composition,  and 
certain  physical  properties  (density,  rnicrohardness,  and  index  of  refraction) 
of  the  synthetic  diamond  films  obtained  are  very  similar  to  the  properties  of 
natural  diamonds. 
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A  program  is  described  for  the  determination  of  the 
coordinates  of  hypocenters  of  near  eathquakes  originating  in  the  earth's 
crust  in  Uzbekistan.  Coordinates  of  hypocenters  are  determined  using 
time-distance  curves  (travel-time  tables)  plotted  for  the  crustal  velocity 
model  of  Uzbekistan  and  hypocenters  in  the  5-3  5  km  depth  range  (at  5  km 
intervals).  Two  new  routines  are  added  to  a  standard  program  flow 
chart:  1)  selection  of  coordinates  with  minimum  rms  error  for  a  given 
depth  and  2)  calculation  of  azimuth. 
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The  results  of  an  analysis  of  the  wave  field  recorded  during 
DSS  studies  in  the  Khankayskiy  massif  area  of  the  Maritime  Territory  are- 
given.  A  crustal  model  for  the  region  is  inferred. 

Using  as  criteria  mainly  the  characteristics  of  the  apparent 

o  s 

velocity  -  distance  relation,  the  following  wave  groups  were  identified:  P  , 
P^,  P0  relating  to  the  upper  crust;  P^  ,  P^  relating  to  the  crust;  and  F^,  P^ 
relating  to  the  crust  -  upper  mantle  transition. 
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OS 

P  waves  are  traced  as  first  arrivals  in  the  0  to  20-30  km 

distance  range.  Their  apparent  velocity  rapidly  increases  with  distance, 

from  4.  5  to  6. 1-6. 3  km/sec..  At  distances  of  about  3 0  km,  the  wave  field 

has  interference  characteristics.  P^  waves  are  traced  as  first  arrivals 

to  distances  not  exceeding  100  km.  Their  l/|:  slowly  increases  with  distance 

from  6.  1-6. 3  to  6.6  km/sec.  They  are  considered  to  be  continuously 

refracted  waves.  P^  waves  are  recorded  in  the  40-120  km  distance  range, 

first  as  later  arrivals  and  at  a  distance  of  about  100  mm,  as  first  arrivals. 

Their  V"'  slowly  decreases  from  6.8  to  6.  5  mm/sec.  Beyond  100  km,  the 

wave  field  is  poorly  resolved.  Their  decreasing  apparent  velocity  and 
A 

2/.M  (R)  graph  allowed  them  to  be  identified  as  reflected  waves . 

Arefl 

P^  and  P^  waves  are  recorded  at  distances  from  25-70 
to  150  km  and  from  60-70  to  170  km,  respectively,  mainly  as  later  arrivals. 
Their  apparent  velocity  decreases  from  10  and  8.5  km/sec,  respectively, 
to  6 . 2  km/ sec.  These  are  considered  to  be  reflected  waves. 

P5  and  are  recorded  up  to  140  km.  They  are 

interpreted  as  reflections  from  the  crust  -  upper  mantle  transition. 

Average  velocities  and  corresponding  depth,  calculated 

from  reflected  waves  P9  ,  F_  ,  P  ,  P  and  P^  r1  are  given  in  a  table. 

2  3  4  5  refl  & 

Two  versions  of  the  inferred  crustal  model,  displaying  a 
low  velocity  zone  from  12-29  km,  are  shown  in  Figure  1. 


Fig.  1.  Two  Versions  of  Crustal  Model 
in  the  Khankayskiy  Massif. 
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Korchagina,  O.  A.,  and  A.  G.  Moskvina. 

Comparative  analysis  of  the  distortion 
introduced  into  a  given  signal  by  standard 
seismograph  systems.  IN:  Akademiya 
naukSSSR.  Izvestiya.  Fizika  Zemli, 
no.  8,  1972,  75-85. 

The  results  of  an  analysis  of  the  distortion  introduced  into 


a  pulse  of  specific  shape 

by  the  SKM-3 , 

SK,  SKD, 

and  SD-1  seismograph 

systems 

are  described. 

The 

instrument 

constants 

of  the  seismograph 

systems 

are  as  follows: 

T 

D 

T 

D 

2 

C  V 

s 

s 

g 

g 

SKM-3 

1.6 

0.  5 

0.4 

2.0 

0  50,000 

SK 

12.  5 

0.45 

1.2 

5.  0 

0.1  1000 

SKD 

25.0 

0.  5 

1.2 

8.  0 

0.25  1000 

SD-1 

30.  5 

1.7 

0.95 

0.  85 

0.012  1000 

The  imput  signal  is  expressed  in  the  form  of  Berlage 
r  <i  t'o i  i  < 

function:  XU)  I  with  two  sets  of  parameters 

t  rc-'-"  '  .<in  for  I  ■  <J. 

a  =  1.  5,  v  =  0.  7  and  a  =  2.  0,  v  =  0.  5  and  periods  varying  discretely  within 

limits  of  0.2  sec  <  T.  ,  <  50  sec.  Theoretical  seismograms  of  the 
—  input  — 

output  signal  were  computed  using  inverse  Fourier  transforms.  The 
analysis  of  the  distortion  of  the  period,  amplitude  and  ratio  /3  =  lg  (A/T)  max 
of  the  output  signal  led  to  the  following  conclusions: 

The  greatest  distortions  of  the  pulsed  signals  are 
introduced  by  the  SKM-3,  the  least  by  the  SD-1  seismograph.  The  distortion 
of  the  amplitude  of  the  first  peak  becomes  considerable  when  the  period  of 
the  input  signal  exceeds  the  periods  corresponding  to  the  band  width  of  the 
flat  portion  of  the  response  curve,  and  the  distortions  increase  rapidly  as 
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the  period  increases.  Periods  of  the  input  and  output  signals  recorded 
by  all  the  seismograph  systems  are  in  best  agreement  when  the  pe-riods 
of  the  input  signals  fall  within  the  range  corresponding  to  the  left  half 
of  the  flat  portion  of  the  response  curve.  Magnitude  determined  from 
body  waves  recorded  by  any  of  the  seismograph  systems,  if  the  periods 
of  input  signals  are  less  than  or  equal  to  the  periods  of  the  flat  response, 
do  not  differ  or  are  close  to  the  "true"  magnitude  (determined  from  (■=) 

1  Iila.  A. 

of  the  given  input  signal).  If  the  periods  of  inp":  signals  are  larger,  the 
magnitudes  may  differ  from  the  "true"  values. 


Asabayev,  Ch.  Study  of  the  effect  of 
electromagnetic  and  magnetic  fields 
on  biological  objects  in  an  effort  to 
find  possible  earthquake  precursors. 

IN:  Akademiya  nauk  UzSSR.  Institut 
seysmologii.  Seysmologiya  i  seysmogeologiya 
Uzbekistana  (Seismology  and  seismogeology  of 
Uzbekistan).  Tashkent,  Izd-vo  Fan,  1971, 

124-126. 

The  responses  of  the  central  nervous  system  of  animals  to 
continuous  and  pulsed  electromagnetic  fields  and  permanent  magnetic  fields 
are  analyzed.  A  synchronization  reaction  is  observed  on  the  electro¬ 
encephalograms  of  animals  (rabbits)  when  they  are  exposed  to  a  continuous 
electromagnetic  field  of  2-10  microwatt/cm  ,  while  the  threshold  intensity 
is  lower  for  a  pulsed  electromagnetic  field. 
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The  conditioned  reflexes  of  animals  (mice,  fish)  exposed 

to  a  continuous  electromagnetic  field  2  hours  a  day  begin  changing-at  an 

2 

intensity  of  250  microwatt/cm  ,  while  the  threshold  intensity  for  a 

2 

pulsed  electromagnetic  field  is  10  microwatt/cm  .  Exposure  of  animals 
to  a  permanent  magnetic  field  of  1000  oersted  for  periods  of  10-20  min. 
affects  their  conditioned  reflexes.  It  is  concluded  that  animals  are 
responsive  to  electromagnetic  and  permanent  magnetic  field,  which 
cause  nonspecific  reactions  in  their  central  nervous  system. 


Gel'fand,  I.  M.  ,  Sh.  A.  Guberman,  M.  A. 

Izvekova,  V.  I.  Keylis -Eorok,  and  Ye.  Ya. 

Rants  man.  Criteria  for  high  seismicity. 

IN:  Akademiya  nauk  SSSR .  Doklady,  v.  202, 
no.  6,  1972,  1317-1320. 

The  problem  of  prediciting  the  location  of  future  earth¬ 
quakes  with  M>  6.5  is  considered  for  the  eastern  part  of  Central  Asia, 
using  the  statistical  discrimination  method  and  morphological  criteria. 
Knowing  that  since  1885,  all  22  earthquakes  with  6.  5  occurred  in 
disjunctive  nodes  (see  Fig.  1)  characterized  by  recent  movements  (  16  out 
of  41  nodes  in  the  region)  the  problem  was  formulated  in  the  following 
manner:  if  V  are  the  nodes  where  earthquakes  with  6. 5  are  possible; 
V‘  are  those  V  nodes  where  earthquakes  with  M>  6.5  have  not  been 
observed,  and  N  are  nodes  where  earthquakes  with  M>  6. 5  are  riot 
possible,  then  V'  nodes  among  v'  +  N  =  25  are  to  be  discriminated. 
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Fig.  L.  Morphological  Structure  of  the 
Eastern  Part  of  Central  Asia. 

1-6  -  Zones  of  deep-seated  faults  with  the 
most  recent  movements. 

Longitudinal,  characterized  by  surface  fractures: 

1  -  boundary  between  mountain  and  region; 

2  -  boundary  between  megablocks; 

3  -  boundary  between  blocks; 

Transverse,  dividing  blocks; 

4  -  partly  characterized  by  surface  fractures; 

5-6  -  mainly  characterized  by  fluctuations 
(higher  or  lower,  respectively)  in  absolute 
elevation  above  sea  level; 

7  -  boundaries  of  disjunctive  nodes; 

8  -  node  numbers; 

Epicenters  of  earthquake  with  M>  6,5; 

9  -  E  =  1018  ;; 

10  -  E  =  1017  j ; 

11  -  E  =  1016  j  . 
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The  following  morphological  characteristics  of  the  nodes 

are  used: 

I  -  type  of  transverse  fault,  (a  -  4  or  5,  6;  b  -  4  and  5,  6 
as  shown  in  Figure  l): 

II  -  intersection  or  abutting  of  faults; 

III  -  number  of  faults  (2,  3,  >3); 

IV  -  the  largest  morphological  structure  divided  by  faults 

(a  -  mountain;  b  -  morphostructural  region;  c  -  mega¬ 
block;  d  -  block); 

V  -  distance  from  the  nearest  mountain,  km  (<  30;  30  -  70; 

>  70); 

VI  -  not  given  in  text; 

VII  -  morphological  setting  (a  -  mountains  with  foothills  and 
foot  plains;  b  -  mountains  with  foothills;  c  -  mountains 
wich  foot  plains;  d  -  mountains  with  mountains;  e  -  foot¬ 
hills  with  foot  plains); 

VIII  -  height  above  the  sea  level,  km  (<  3  ;  3-4;  >  4); 

IX  -  differential  height,  km  (<  1.5;  1.5-2.  5;  >  2.  5); 

X  -  length  of  the  major  fault,  km  (<  300;  300-700;  >  700); 

XI  -  relative  surface  of  unconsolidated  rocks  (<0.2;  0.2-0.  5; 

>  0.5). 

The  morphological  description  of  the  nodes,  as  well  as  the 
results  of  computation,  are  shown  in  tables. 

Six  nodes  of  V  class  are  identified,  all  of  them  characterized  1 
contrasting  recent  movements  and  confined  to  the  mountain  boundaries: 

Tien  Shan  -  Pamir  (26,  23,  28);  Tien-Shan  -  Northern  Tarim  downwarp  (41); 
Kun'-bun'  -  Kun'-Lun'  Foredeep  (34);  and  Hindu  Kush  -  Pamir  (37). 
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The  validity  of  the  method  was  confirmed  by  the 
computation  for  a  past  time,  i.e.  attributing  some  of  the  V  nodes  to  the 
V  +  N  group. 

The  main  criteria  for  discrimination  of  the  V* 
nodes  are  found  to  be:  the  number  of  faults  >3,  the  high  order  of  the 
fault  (mountain  boundary  in  the  node  or  at  a  distance  <30  km;  and  the 
number  of  elevations  above  2.5  km. 


Berzon,  I.  S.  ,  and  I.  P.  Pasechnik.  Dynamic 

characteristics  of  P  P  waves  in  the  case  of  a 

-  c - 

thin-layered  model  of  the  transition  zone  between 
the  mantle  and  the  core.  IN:  Akademiya  nauk 
SSSR.  Izvestiya.  Fizika  Zemli,  no.  6,  1972, 
21-33. 


The  results  of  the  analysis  of  theoretical  data  on  the  dynamic 

characteristics  of  P  P  waves  for  various  thin-layered  models  of  the  transition 

c 

zone  between  the  mantle  and  the  core  are  described.  The  effect  of  attenuation 
in  the  mantle  on  the  amplitude  spectra  ratio  of  PcP  and  P  waves  and  the 
variation  of  reflection  coefficient  K  with  epicentral  distance  A  are  considered. 
Theoretical  and  experimental  data  reported  by  several  authors  are  compared. 

Theoretical  waveforms  of  the  P  P  wave  are  computed  for 

c 

different  angles  of  incidence  of  the  P  pulse  and  four  models  of  the  transition 
zone  including  a  low  velocity  layer  and  a  density  discontinuity  are  shown 
(  see  Figure  l).  The  most  prominent  features  of  the  theoretical  P^P  waveforms, 
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a)  In  the  case  where  the  boundary  between  the  mantle 

and  the  core  is  assumed  to  be  an  interface  between  a  solid  and  a  fluid 

(Kp  p  independent  of  frequency),  (f)  curves  increase  mono- 

c 

tonically  for  all  epicentral  distances; 

Model  E  Model  M 

(after  Pasechnik,  1966)  (after  Kanamori,  1967) 


Depth 

(km) 

Qp 

Depth 

(km) 

Qp 

0  -  225 

250 

0-900 

240 

225  -  1000 

700 

900-2900 

6000 

1000  -  2900 

3000 

b)  In  the  case  where  the  boundary  is  assumed  to  be  a  thin¬ 
layered  transition  zone  (KpcP  dependent  on  f),  — ■  (f)  curves  have  a 
resonance  form  (particularly  pronounced  for  the  models  with  a  velocity 
jump)  and  they  increase  more  rapidly  for  A<  40°.  At  distances  A  >  40° 
however,  the  curves  increase  monotonically. 

It  is  further  shown  that  experimental  curves  K  .  (4) 

determined  for  the  two  models  of  an  attenuating  mantle  (using  K  (A)  = 

Kg  (A)  e  >  where  Ke(£)  is  the  experimental  dependence  for  an  ideally 
elastic  mantle)  are  similar  atA>  40°  and  different  at  A<  30°;  the  effect  of 
attenuation  is  significant  a.tA<  60°  (see  Figure  3). 

The  theoretical  and  experimental  results  compared  (Berzon 
and  others,  1968;  Kogan,  1968;  Kogan,  1972)  show  good  qualitative  agreement 
The  conclusion  is  made  that  the  standard  model  of  the  boundary  between 
the  mantle  and  the  core  does  not  fit  experimental  data  on  the  period  and 
amplitude  spectra  ratio  of  PcP  and  P  waves  nor  on  the  reflection  coefficient 
at  A>  40°. 
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Fig.  3.  K  (A)  Graphs  from  Experimental  (1-3) 
and  Theoretical  (4-7)  Data. 

Experimental:  l-  idealLy  elastic  mantle;  2,  3- 
attenuating  mantle  with  E  and  M  model  of  Q 
distribution. 

j 

Theoretical:  4-  solid-  fluid  sharp  boundary 
5,  6,  7  -  Ya-8,  Ya-6  and  Ya-7  thin-layered 
models  of  the  mantle-core  transition. 
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Zakharova,  A.  I.  Program  for  computer 
calculation  of  a  seismic  activity  map  with 
constant  accuracy.  IN:  Akademiya  nauk 
UzSSR.  Institut  seysmologii.  Seysmologiya 
i  seysmogeologiya  Uzbekistana  (Seismology 
and  seismogeology  of  Uzbekistan) .  Tashkent, 

Izd-vo  Fan,  1971,  26-30. 

A  flow  chart  is  described  for  a  program  for  the  calculation 
of  a  seismic  activity  map  with  constant  accuracy.  The  calculation  is 
performed  by  Riznichenko' s  summation  method.  A  constant  accuracy 
presumes  a  constant  number  of  earthquake  epicenters  (N<r)  within  each 
area  used  in  the  averaging.  The  area  used  in  averaging  is  a  circle  whose 
diameter  is  the  greatest  distance  among  those  distances  from  the 
calculation  point  to  N^.  earthquake  epicenters. 
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4.  Particle  Beams 


A.  Abstracts 


Mesyats,  G.  A.,  and  S.  P.  Bugayev.  Nano¬ 
second  electron  accelerator.  Priroda,  no.  6, 

1972,  78-84. 

The  authors  present  a  general  review  of  electron  accelerators  deve 
opment  with  emphasis  on  the  nanosecond  types.  The  principles  and  operating 
processes  of  the  accelerators  are  discussed  within  five  main  headings: 

1)  explosive  electron  emission;  2)  nanosecond  pulse  generation;  3) 
generation  and  focusing  of  relativistic  electron  flux;  4)  applications  of 
high  power  electron  beams;  and  5)  developmental  perspectives.  The 
authors  note  that  the  prospect  of  increasing  electron  beam  power  is  connected 
with  gains  in  the  capacity  of  energy  storage  devices  and  improved  methods 
of  transmitting  the  energy  into  the  beam.  The  low  permeability  of  the 
dielectrics  (transformer  oil)  now  used  in  capacitive  storage  devices 
makes  it  difficult  to  obtain  high  energy  storage;  and  magnetic  storage 
devices  providing  high  currents  at  stable  low  voltages  are  still  in  the 
development  stage.  The  article  includes  photos  of  explosive  emission 
and  electron  beam  impact  with  target  surfaces. 


Semkin,  B.  V.  ,  and  D.  D.  Khalilov.  Analysis 
of  energetic  discharge  characteristics  of  a 
capacitive  electric  energy  storage  for  a  spark 
gap.  EOM,  no,  3,  1972,  38-41. 

Analytical  expressions  of  the  current  i,  peak  power  Nmuxf 
average  N'  and  peak  N'max  power  rise  rates  in  a  spark  gap  are  developed 
and  accurate  numerical  data  for  the  spark  discharge  circuits  are  given 
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to  optimize  methods  of  electroforming  and  breakdown  studies  of 
liquid  and  solid  materials.  The  expressions  v/ere  derived  from  the  dis¬ 
charge  condition 

!/'(/)  +  /?(/)/ (0  +  ^  =  0.  (1) 

where  i  (t)  is  the  current  derivative,  q(t)  is  the  electric  charge  of  the 
capacitor,  and  L,  C,  and  R  are  the  inductance,  capacitance,  and  resistance 
of  the  discharge  circuit.  The  function  R(t)  is  approximated  by  R(t)  =  A/T 
(A  =  const).  The  approximate  expressions  of  Nmax,  N\  and  N'max  are 
given  in  the  form 


—  Na  ?i  (v), 

(2) 

where 

=  f]/J  • 

?i  (>)  -  0,2801  2v  ~  1  1^7+1 

and  v  =  0,5(£  +  l\  , 

(3) 

where 

?2  (v)  =  0,16~-!. 

V3 

.  u7 

and  No  , 

and 

Nm,x  =  No  ?,(v), 

(4) 

where  rsO)  —  •  Formulas  (2)  and  (3)  yield  N  and  N'  values 

max 

with  2%  and  5%  maximum  error,  respectively.  A  comparison  of  the  data 

calculated  from  (2),  (3)  and  (4)  and  corresponding  data  calculated  earlier 

for  R  =  const  revealed  that  the  limiting  values  of  N  ,  N\  and  N1 

max’  max 

obtainable  with  an  active  load  (R  =  A/t)  are  about  half  the  corresponding 
values  in  an  R-L-C  circuit  with  constant  parameters  (R  =  const).  The 

form  of  the  R(t)  function  is  not  critical  in  the  region  of  aperiodic  discharge. 
It  is  concluded  that  the  R  =  A/t  approximation  is  closer  to  the  actual 
than  the  R  =  const  approximation,  Eqs,  (2)-(4)  can  therefore  be  used  to 
optimize  discharge  circuit  parameters  in  devices  based  on  spark  discharge 
in  liquid  and  solid  dielectrics. 
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Mesyats,  G.  A.  Fast  processes  during  vacuum 
breakd own.  IN:  10th  Int.  Conf.  Phenomena  Ioniz. 

Gases,  Oxford,  1971,  333-363.  (RZhMekh,  9/72, 
no.  9B167)  (Translation) 

Significant  recent  accomplishments  in  the  physics  of  vacuum 
gap  breakdown  are  reviewed.  The  primary  breakdown  processes  are 
analyzed  as  a  function  of  time.  Three  hypotheses  in  the  literature  are 
cited  which  explain  breakdown  initiation  in  vacuum  on  the  basis  of  field 
emission,  cumulative  charged  particle  exchange,  and  multi-atomic  parti¬ 
cles.  Weak  poxnts  of  these  hypotheses  are  analyzed.  The  predominant 
role  in  breakdown  initiation  is  credited  by  the  author  and  other  investigators 
to  the  mechanism  of  field  emission  from  various  sectors  of  the  electrode 
surface.  Cathode  and  anode  mechanisms  as  primary  initiation  events  of  an 
electric  breakdown  in  vacuum  were  analyzed  along  with  experimental 
results  pointing  towards  the  important  part  played  by  the  first  or  the  second 
mechanisms.  It  is  stressed  that  a  primary  contributor  to  the  multiplicity 
of  viewpoints  on  the  nature  of  a  vacuum  breakdown  is  the  fact  that  most 
hypotheses  are  based  on  experimental  results  which  either  ignore  the 
time  factor  or  which  were  obtained  with  equipment  having  inadequate  time 
resolution. 

Results  are  presented  of  experimental  investigations,  based 
on  methods  and  applications  of  nanosecond  pulse  techniques,  which  led  to 
the  determination  that  the  field  emission  process  from  micro-projections 
on  a  cathode,  resulting  in  the  formation  of  plasma  bunches  and  cathode 
flares,  is  responsible  for  the  primary  initiation  condition  in  a  vacuum 
breakdown.  All  subsequent  processes  (arc  current  increase,  x-ray 
radiation  bursts  and  the  destruction  of  the  anode  surface  and  appearance 
of  anode  flares)  are  dictated  by  the  presence  of  cathode  plasma  bunches, 
and  only  assist  in  breakdown  initiation.  An  "explosive  electron  emission" 
effect  was  identified  which  describes  a  strong  explosion  on  the  cathode 
followed  by  a  steep  electron  current  rise.  Careful  consideration  is  being 
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given  to  the  role  of  this  phenomenon  during  breakdown.  The  author  has 
determined  that  this  phenomenon  is  caused  by  a  thermal  explosion  of 
microprojections  on  the  cathode,  heating  of  which  largely  occurs  during 
the  heat  release  process  due  to  the  Nottingham  effect. 

Data  are  given  on  the  expansion  velocity  of  plasma  during 
a  point  explosion.  It  is  shown  that  current  increases  in  an  electrode  gap 
are  controlled  by  electron  emission  from  the  surface  of  expanding  cathode 
flares,  and  the  value  of  current  is  described  by  the  "three -halves"  power 
law  taking  the  geometry  of  a  specific  system  into  account.  The  anode 
physical  processes  from  the  effects  of  a  powerful  electron  beam  emission 
from  the  cathode  are  analyzed. 


Kikvidze,  R.  R.  ,  V.  G.  Kotetishvili,  and  A.  A. 

Rukhad ze .  Possibility  of  narrowing  the  high 
frequency  radiation  spectrum  in  a  dense  plasma 
during  the  development  of  plasma-beam  instability. 

IN:  10th  Int.  Conf.  Phenomena  Ioniz.  Gases,  Ox¬ 
ford,  1971,  369.  (RZhMekh,  9/72,  no.  9B314) 

(Translation) 

When  constructing  narrow  band  HF  generators,  the  appli¬ 
cation  of  plasma  electron  beam  surface  wave  excitation  is  proposed,  with 
the  provision  that  the  excitation  wave  spectral  width  be  significantly 
narrower  than  the  plasma  electron  collision  frequency.  A  dispersion 
equation  was  derived  for  the  surface  waves  taking  the  effect  of  the  mono- 
energetic  electron  beam  into  account.  An  expression  was  obtained  for 

threshold  stability.  It  is  shown  that  in  a  dense  plasma,  at  n./nn  = 

-5-6  1  U 

10  -  10  (nj-  beam  density,  ng-  plasma  density),  the  width  of  in¬ 

duced  oscillations  may  be  less  than  in  a  rarefied  plasma,  and  the  relative 
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spectral  linewidth  may  be  on  the  order  of  ~10"  .  An  estimate  is  given 
of  the  current  value  requirement  for  generating  the  surface  waves  dis¬ 
cussed  (I  =  1.0  a). 


Kazansky,  L.  N.  ,  A.  V.  Kisletsov,  and  A.  N. 

Lebedev.  Autoacceleration  in  electron  beams. 

IN:  Proc.  8th  Int.  Conf.  High-energy  Accelerators 
CER.N  1971,  Geneva,  1971.  Geneva,  1971,  59?.- 
596.  (RZhF,  8/7?,  no.  8A416)  (Translation) 

A  charged  particle  acceleration  method  is  described  in  which 
a  portion  of  an  intense  electron  beam  is  accelerated  using  energy  from 
the  remaining  particles.  Results  are  given  for  calculations  of  mono- 
energetic  particle  beam  energy  redistribution  due  to  transmission  through 
a  cylindrical  resonator.  The  effective  energy  increase  at  currents  of  the 
order  of  10^  a  proved  to  be  adequately  high.  Cascade  network  operation  is  fea¬ 
sible.  The  use  of  a  distributed  delay  system  for  autoacceleration  is  discussed. 
The  self-adjusting  stationary  state  was  investigated  of  an  infinite  periodic 
sequence  of  bunches,  moving  in  a  delay  system.  The  use  of  self-phased 
bunches  is  considered  for  accelerating  electron  beam  segments.  At  a 
final  current  of  100  a  and  an  initial  beam  power  of  10^  w  (i.e.  ,  2Mv  x  5  ka), 
it  is  possible  to  accelerate  particles  to  energies  on  the  order  of  several 
Gev.  The  self-phased  electron  bunches  are  recommended  for  acceleration 
of  heavy  particles;  in  this  case  the  accelerating  fields  can  reach  values 
governed  by  breakdowns  in  the  waveguide. 
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Kuznetsov,  V.  S. ,  G.  I.  Trubnikov,  N.  P. 

Kuznetsova,  and  R.  P.  Fidelskaya,  The  effect 
of  nonlinear  coulomb  forces  on  distortion  of  a 
beam  configuration  in  a  phase  space.  IN:  Proc. 

8th  Int,  Conf,  High-energy  Accelerators  CERN 
1971,  Geneva,  1971.  Geneva,  1971,  384-387. 

(RZhF,  8/72,  no.  8A368)  (Translation) 

Results  are  presented  of  numerical  calculations  on  the  lateral 
movement  of  charged  particle  beams  in  linear  accelerators.  Linear  and 
nonlinear  space  charge  forces  were  taken  into  account.  The  accelerators 
were  either  non-prefocused  or  contained  a  supplementary  drift  space 
between  the  source  and  the  initial  accelerating  system,  which  was  used 
for  beam  prefocusing.  Main  conclusions  are:  1)  nonlinear  coulomb 

forces  strongly  affect  the  effective  phase  volume  value  and  the  beam 
current;  2)  in  the  presence  of  such  forces  weak-focusing  are  preferable 
to  strong-focusing  systems,  in  which  the  beat  envelopes  cause  additional 
beam  configuration  distortion;  3)  non-prefocused  accelerating  systems 
are  consequently  preferred;  and  4)  the  effect  of  the  initial  current  den¬ 
sity  distribution  on  the  nonlinear  coulomb  forces  is  negligible. 


Kopecky,  V.  High-current  relativistic  electron 
beams.  IN:  Cs.  cas.  fys.  ,  v.  A22,  no.  2,  1972, 

153-161.  (RZhF,  8/72,  no.  8A424)  (Translation) 

This  is  a  review  of  theoretical  and  experimental  works  on 
high-current  relativistic  electron  beams  (10-1000  ka,  1-15  Mev,  and 
20-100  nsec).  Feasible  applications  of  the  beams  are  discussed  (such 
as  plasma  interactions,  acceleration  techniques,  and  production  control) 
and  beam  generation  and  testing  methods  are  examined. 
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Khirseli,  E.  M.  ,  and  N.  L.  Tsintsadze.  Effect 
of  a  high-frequency  electric  field  on  the  interaction 
of  relativistic  electron  beam  with  an  elect. ron 
plasma.  IN:  10th  Int.  Conf.  Phenomena  of  Ioniz. 

Gases,  Oxford,  1971,  318.  (RZhMekh,  9/72, 
no.  9B244)  (Translation) 

The  stability  of  plasma  oscillations  is  investigated  in  an  elec¬ 
tron  beam  plasma  in  the  presence  of  a  high-frequency  field  under  the 
limiting  conditions:  v  «  c  and  (v-c)/c  «  1.  Additional  low-frequency 
oscillations  appear  in  both  cases.  It  is  shown  that  the  high-frequency 
field  minimizes  the  increment  value  and  narrows  the  stability  region  in 
the  first  case,  while  in  the  second  case,  the  field  completely  stabilizes 
the  beam  instability. 


Kovalchuk,  V.  M.  ,  V.  V.  Kremnev,  G.  A. 

Mesyats,  and  Yu.  F.  Potalitsyn.  Discharge 
in  high  pressure  gas  initiated  by  a  fast  electron 
beam.  IN:  10th  Int.  Conf.  Phenomena  of  Ioniz. 

Gases,  Oxford,  1971,  175.  (RZhMekh,  9/72, 
no.  9B156)  (Translation) 

High  pressure  gas  discharge  properties  initiated  by  a  fast 

2 

electron  beam  were  studied.  A  beam  of  20  cm  cross-section  was  trans¬ 
mitted  through  titanium  foil  and  into  a  22  mm  discharge  channel  filled 

with  nitrogen  at  pressures  from  1  to  16  atm.  The  average  beam  energy 
was  80  kev  (I  =  200  a)  and  the  maximum  energy  was  180  kev.  Discharge 
occurred  in  a  pulsed  regime  and  was  fed  either  by  a  condenser  charged 
to  50  kv  o-  by  a  pulsed  voltage  to  2  50  kv  at  a  pulse  duration  of  8  x  10”^ 
sec.  Results  are  shown  in  graphs.  Use  of  the  electron  beam  prevents 
filamentary  discharges  and  lowers  the  static  breakdown  voltage  value. 
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Re  shetnikova,  K.  A,  A  method  of  linear  focusing 
of  relativistic  charged  rings.  Author’s  certificate, 

USSR  no.  319111,  published  January  4,  1972. 

(RZhF,  8/72,  no.  8A459  P)  (Translation) 

A  method  was  developed  for  linear  focusing  of  relativistic 
charged  particle  rings,  applicable  during  high  linear  velocities  of  the 
ring.  Focusing  is  achieved  by  introducing  periodic  spatial  magnetic 
fields,  with  modulation  depths  and  periods  selected  such  that  the  fields  gene 
ted  in  the  ring  during  movement  in  a  periodic  magnetic  field  compensate  for 
coulomb  collisions  in  a  linear  direction.  The  value  of  the  induced  field 
is  proportional  to  the  number  of  particles  in  the  ring;  and  ,  under  specific 
conditions  of  compression  due  to  the  presence  of  induced  fields,  can  com¬ 
pensate  coulomb  particle  collision  in  the  ring.  The  ring  radial  dimension 
is  effectively  maintained  by  a  stationary  magnetic  field.  Criteria  are 
cited  for  establishing  the  linear  focusing  and  radial  stability  of  a  thin 
charged  ring. 


Lazarenko,  B.  R.  ,  A.  Ye.  Gitlevich,  and  V.  N. 

Tkachenko.  Features  of  electrode  erosion  and 
material  displacement  by  an  erosive  plasma  during 
an  arc  discharge.  EOM,  no,  2,  1972,  34-37. 

The  effects  were  investigated  of  discharge  system  design 
and  pulsed  discharge  parameters  on  electrode  material  migration  in 
erosive  plasma  and  material  displacement  on  a  substrate.  The  discharge 
system  shown  in  Fig,  1  provided  a  maximum  electrode  erosion  at  a 
specific  discharge  energy  and  minimized  destruction  of  dielectric  bushings. 
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Fig.  1.  Discharge  device. 

1-  electrode  rod;  2-  clamped  dielectric  bush¬ 
ing;  3-  metal  conductor;  4-  discharge  chamber; 
5-  disc  electrode;  6-  removable  dielectric 
packing;  7-  substrate;  8-  nozzle;  P-  arc  gap. 


Tests  were  made  at  atmospheric  pressure  and  in  a  vacuum  of  ~5*  10“^ 
torr.  An  RC  generator  with  a  capacitance  of  140  pf  was  used  as  the 
pulse  source.  The  discharge  voltage  was  0.3-  3.0  kv.  An  aluminum 
electrode  was  used  .  At  a  condenser  battery  energy  W  =  100-500  joules, 
a  nozzle  diameter  of  0.8-1.  5  mm,  and  a  disc  electrode  thickness  of  3-4  mm, 
the  aluminum  coating  diameter  obtained  on  the  substrate  exceeded  the 
nozzle  diameter  by  10-20  times  (Fig.  2).  The  amount  of  electrode 


Fig.  2,  Disc  electrode  with  1  mm  hole,  and 
glass  base  plate  with  deposited  Al-layer 
(the  glass  plate  was  placed  2  0  mm  from  the 
nozzle  section;  layer  thickness  *  30-40  pm). 


material  entering  into  the  erosive  plasma  and  deposited  on  the  substrate 
was  directly  proportional  to  the  discharge  energy  (Fig.  3).  It  is  seen 
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from  Fig.  3  that  at  W  <  50  joules,  material  loss  from  the  discharge  is 
negligible,  and  at  W  >  300  joules,  the  growth  of  the  deposited  layer  slows 
down;  which,  according  to  the  authors,  explains  the  increase  of  erosive  flux 


Fig.  3.  Relationship  of  the  loss  of  mass  of 
Al-electrode  by  discharge  energy  erosive 
flux. 

1-  positive  electrode  polarity;  2-  negative 
electrode  polarity. 

kinetic  energy  and  initiation  of  substrate  erosion.  At  any  electrode  polarity 
and  discharge  energy  level  (50<  W  <  500  joules),  electrode-disc  erosion 
occurred  3-6  times  greater  than  that  of  the  electrode  rod.  During  a  con¬ 
tinuous  discharge  with  a  fixed  energy  using  the  same  disc  electrode,  a 
maximum  loss  of  mass  occurred  after  3-5  discharges  in  vacuum  and  5-10 
in  air,  which  is  attributed  to  the  effects  of  pressure  and  the  hydrodynamic 
conditions.  Discharge  in  air  produced  deposited  coatings  with  two  distinct 
zones:  a  strong  central  coating  of  a  compact  liquid  metal,  and  a  weak 
circular  coating  zone  around  the  center  of  uniformly  distributed  fine  and 
coarse  metal  particles.  These  zones  were  not  evident  in  the  vacuum  dis¬ 
charge,  and  the  coatings  from  2-3  discharges  were  of  comparatively  good 
quality  (non-uniformity  did  not  exceed  5-10  p).  In  one  of  the  experiments, 
aluminum  contacts  were  made  using  silicon  as  a  substrate  (Fig.  4).  The 
authors  note  that  when  various  metals  are  used  for  electrodes,  it  is 
possible  to  obtain  a  substrate  coating  from  alloys  of  the  metals.  It  is 
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Fig.  4.  Silicon  specimen  witr  A1  contacts. 

suggested  that  to  produce  a  pure  layer,  a  superficial  vacuum  condition 
(0.1-0.01  torr)  be  used,  since  the  discharge  in  air  results  in  coating 
materials  oxidation. 


Gorbenko,  V.  G. ,  Yu.  V.  Zhebrovskiy,  L.  Ya. 
Kolesnikov,  and  A.  L.  Rubashkin.  Measurement 
of  coherent  bremsstrahlung  spectrum  in  a  linear 
electron  accelerator.  UFZh,  no.  5,  1972,  757- 


Experimental  results  are  discussed  for  measurement  of 
coherent  bremsstrahlung  spectra  from  diamond  single  crystals  in  a 
linear  electron  accelerator  based  on  recordings  of  secondary  electro”".. 
A  5  x  3  mm  electron  beam  with  a  maximum  energy  of  2  Gev  was  focused 
on  a  diamond  plate,  rigidly  fixed  in  a  goniometer  (Fig.  1).  The  beam 
intensity  was  continuously  measured  by  the  monitor  (1);  intensity 
equalled  -0.1  pa.  A  rectifying  magnet  (3)  with  130  x  40  cm  rectangular 
pole  tips  and  a  10  cm  gap  simultaneously  served  as  a  separator  of 
7  -quanta  from  charged  particles  and  a  secondary  electron  spectrometer 
A  maximum  magnetic  field  intensity  of  H  =  14  koe  permitted  the 
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Fig.  1.  Experimental  sketch. 

1,  4-  secondary  emission  monitors;  2-  gonio¬ 
meter  (diamond  single  crystal);  3-  magnetic 
spectrometer;  5-  protecting  shell;  6-  concrete 
wall;  7-  quantum-meter. 

recording  of  secondary  electrons  with  pulses  to  1500  Mev/c.  The  mag¬ 
netic  field  stability  was  no  worse  than  0.5%.  At  a  deflection  <P  =  19°  and 
a  distance  of  l~  125  cm  from  the  magnet  outlet,  the.  spectrometer  pro¬ 
vided  angular  horizontal  focusing  at  a  dispersion  of  h€  =  4mm/%.  The 
spectrometer  and  recorder  were  calibrated  by  measuring  primary  electron 
spectra  at  beam  energies  EQ  from  650  to  1350  Mev.  A  typical  calibrated 
electron  spectrum  at  Eq  =  1150  Mev  is  shown  in  Fig.  2.  The  observed 


Fig. 2.  Calibrated  electron  spectrum  at 
Eq  =  1150  Mev. 
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spectrometer  energy  resolution  of  secondary  electrons  (  4E/E  =  4.2%) 
exceeded  the  energy  dispersion  in  the  initial  beam  (AEq/Eq  =  1%)  due 
to  the  finite  dimensions  of  the  electron  beam  and  the  deflector,  and  dis¬ 
persion  at  the  outlet  foil  cf  the  magnetic  chamber.  The  authors  recom¬ 
mend  placing  the  secondary  electron  detector  directly  into  the  magnetic 
vacuum  chamber  to  improve  the  resolving  power  of  the  spectrometer. 
Fig.  3  shows  the  energy  distribution  of  secondary  electrons  from  a  10  x 
5x2  mm  diamond  single  crystal  .  The  intensity  (a)  and  polarization 


Fig.  3.  Energy  distribution  of  secondary  elec¬ 
trons  from  a  diamond  single  crystal;  Eq  =  1070 
Mev,  4>  =  mrad,  a  -  85°29'. 

(b)  spectra  of  coherent  bremsstrahlung  in  diamond  are  plotted  in  Fig.  4. 


Fig.  4,  Intensity  (a),  and  polarization  (b)  spectra 
of  coherent  bremsstrahlung  in  diamond.  The  solid 
line  represents  the  calculated  curve;  <*>0  *  10"  rad, 

u  M  =  1*^*  ^  "^rad. 
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Levin,  M.  L. ,  A.  L.  Mints,  and  Ye.  D. 

Naumenko.  Generator  of  revolving  rela¬ 
tivistic  ring-shaped  electron  bunches. 

DAN  SSSR,  v.  204,  no.  4,  1972,  840-843. 

A  generator  is  described  in  which  sections  of  hollow  tubu¬ 
lar  flux  are  generated  and  rearranged  in  revolving  relativistic  ring-shap 
pWtron  bunches  in  a  magnetic  field  of  corresponding  geometry.  Result 


y 


result  from  the  radial  magnetic  field  interaction,  initially  in  the  mag¬ 
netic  circuit  toroidal  gap,  and  subsequently  in  the  region  of  the  axial  mag 
netic  field  directional  change.  A  highly  uniform  electron  flux  is  achieved 
using  the  first  configuration,  and  the  second  configuration  yields  high 
current  and  density  values.  Fig.  2  is  a  picture  of  an  experimental  model 
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9)  specific  average  emission-  40  ma/cm  ,  10)  perveance  gun-  10  pa/V  ; 


>-4 


11)  impedance  gun-  62.  5  ohm;  12)  circular  bunch  charge-  4*  10  coulomb; 
13)  single  bunch  energy-  1  kjoule;  14)  pulsed  power-  10^  w;  and  15) 
electron  total  in  a  bunch-  2.5*  10^. 
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The  authors  note  that  the  combined  relativistic  revolving 
and  slow  translational  motion  of  the  rings  is  highly  useful  for  irradiation 
of  objects  with  small  axial  dimensions,  such  as  thin  solid  targets,  thin 
liquid  layers,  biological  tissues  and  plasma.  In  certain  cases,  when  the 
electron  flux  becomes  unsafe,  the  effect  can  be  weakened  by  placing  the 
object  in  a  "magnetic  bump!',  where  the  rings  are  damped  and  will  converge. 
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Kulikov,  L.  V.  Leskov,  Yu.  V.  Popov,  V.  V. 

Savichev,  and  S.  S.  Filippov.  Magnetohydro¬ 
dynamic  model  for  nonstationary  plasma  accelera¬ 
tion.  DAN  SSSR,  v.  206,  no.  2,  1972,  307-310. 

The  article  presents  a  model  analysis  of  the  dynamics  of 
plasma  formation  in  pulsed  accelerators,  with  particular  emphasis  on  the 
following:  spatial  distribution  of  plasma  parameters;  dependence  of 
plasma  conductivity  on  density  and  temperature;  and  emission  and  non¬ 
linear  effects  in  plasma  that  contribute  to  the  formation  of  heated  cur¬ 
rent  layers.  An  accelerator  model  is  studied  that  consists  of  two  plane- 
parallel  high-conductance  electrodes  of  infinite  length;  part  of  the 
inter-electrode  space  is  initially  filled  with  gas  at  rest.  To  simulate 
the  initial  stage  of  the  process  of  the  electric  breakdown  of  gas  gap  the 
following  parameters  were  determined:  distributions  of  density,  velocity, 
temperature,  and  the  magnetic  field  along  the  propagation  path.  Two 
methods  of  analysis  are  presented;  in  the  first,  argon  is  used  as  the 
accelerating  pubstance;  its  initial  density  is  10”^  g/cm^;  the  length  of 
the  gas-filled  gap  is  7  cm;  duration  of  the  first  half-period  of  discharge 
current  is  20  microsecond;  and  current  amplitude  is  20  ka.  In  the  second 
case,  lithium  plasma  is  accelerated;  its  initial  density  is  1.5  x  10"^  g/cm^; 
duration  of  the  first  half-period  is  16  microsecond,  and  current  ampli¬ 
tude  is  34  ka. 
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Both  methods  showed  the  same  pattern  of  plasma  acceleration 
and  formation  of  current  layers.  At  first  the  current  through  plasma  is 
localized  in  the  region  of  initial  temperature  disturbance;  then  a  self- 
sustaining  high-temperature  electroconductive  gas  layer  (the  actual 
current  layer)  is  formed.  Due  to  intensive  heat  liberation  Loth  tempera¬ 
ture  and  pressure  rise  rapidly;  this  results  in  the  formation  of  two 
shock  waves  propagating  from  the  current  layer  in  two  different  directions. 
From  the  accelerator  wall  to  the  current  layer  a  magnetic  field  passes 
freely  through  the  mass  of  nonconductive  gas  where  it  sharply  drops  to 
zero.  The  rapidly  increasing  ponde romotive  force  accelerates  the  current 
layer  which  moves  with  the  gas  mass.  The  current  layer  acts  here 
like  a  piston:  it  compresses  the  plasma  that  was  formed  ahead  of  it  by 
the  external  shockwave,  and  the  plasma  commences  to  accelerate 
and  heat  up.  Beyond  the  external  shock-wave  front  moving  toward 
the  accelerator  wall  the  conductivity  of  gas  begins  to  differ  from  zero 
and  the  resulting  currents  heat  up  the  region;  this  in  turn  leads  up  to 
the  formation  of  a  new  current  layer,  which  compresses  and  accelerates 
the  gas  mass  located  between  the  original  and  the  new  layer.  Again, 
two  shock  waves  are  generated  and  the  whole  process  repeats  itself. 

By  the  end  of  the  half-period  the  velocity  of  bunches, 
forming  a  quasiperiodic  structure  of  accelerated  plasma,  reaches  10 
cm/sec  and  the  mass  of  bunches  amounts  at  this  point  to  about  80% 
of  the  total  gas  mass  in  the  accelerator.  The  current  layers  thus 
generated  and  accelerated  interact  with  each  other;  this  interaction 
reverses  the  motion  of  the  substance  and  leads  to  the  appearance  of 
closed  current  loops  in  plasma. 
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5 .  Material  Science 


A.  Abstracts 

Korsunskaya,  I.  A.  ,  D.  S.  Kamenetskaya, 
and  I.  L.  Aptekar'.  Application  of  a  two- 
level  model  to  calculation  of  the  T-p  phase 
diagram  of  carbon.  DAN  SSSR,  v.  204, 
no.  4,  1972,  909-912. 

A  theoretical  analysis  is  given  of  the  experimental  carbon 
T-p  phase  diagram  developed  by  Bundy  ( J.  Chem. Phys.  ,  38,  no.  3,  1963,  618), 
which  focuses  on  the  presence  of  a  maximum  on  the  liquid -graphite  curve.  The 
OA*igin  of  this  maximum  is  in  turn  based  on  the  pseudo-binary  two-level 
model  introduced  by  Kittel  (Phys.  Rev.,  139,  no.  3,  1965,  A758).  The 
Kittel  model  postulates  a  liquid  state  under  pressure  as  a  mixture  of  two 
species  at  two  different  energy  levels;  upper  and  lower,  with  a  predominance 
of  the  upper  at  low  pressures  and  the  lower  at  high  pressures.  The 
characteristic  parameter  C  of  the  lower  level  population  depends  on  p  and 
T.  The  thermodynamic  potential  G  ^  of  liquid  carbon  is  described  as  a 
function  of  C  and  the  parameter  E  .  ,  analogous  to  the  mixing  energy 
parameter  in  the  theory  of  regular  solutions.  Depending  on  the  sign  of  Em^x> 
the  G  versus  C  curve  exhibits  one  or  two  minima  which  satisfy  the  stability 
criteria 

rt( ,  tf('  '  ()  it  Ci  ■  tH  II 

(1) 

for  a  "solution".  The  criteria  of  (1)  were  used  to  formulate  two  sets  of 
equations  which  describe  the  liquid-graphite  and  liquid-diamond  equilibria. 

The  equations  were  solved  for  the  thermodynamic  parameters  of  the  cited 
model,  using  the  method  of  successive  approximations,  and,  for  the 
liq. -graphite  equilibrium,  the  experimental  T-p  data  of  Bundy.  The 
resulting  parameters  were  used  to  plot  T-p  diagrams  of  graphite  and  diamond 
(Fig.  L).  The  stable  sector  of  the  liq^ diamond  T-p  diagram  in  Fig.  1 


Fig.  1.  Theoretical  T-p  phase  diagram 
of  carbon.  Small  circles  represent  the 
experimental  data  of  Bundy. 

1-  graphite  melting,  2-  diamond  melting 
(dotted  line -the  metastable  liquid-diamond 
equilibrium),  3-  isomorphous  phase  transition 
in  liquid  carbon  with  a  K  critical  point,  4- 
graphite-diamond  equilibrium. 


coincides  approximately  with  the  experimental  diagram  of  Bundy,  confirming 
the  validity  of  the  model  used  in  the  calculations.  (The  experimental  data 
on  diamond  melting  were  not  used  in  calculations).  The  liquid  model  is 
interpreted  in  terms  of  metallization  of  the  liquid  state  with  an  increase  in 
p  above  110  kbar,  in  agreement  with  the  C(p)  plots  at  different  T.  The  peak 
at  65  kbar  on  the  liquid  £  graphite  equilibrium  curve  coincides  with  the 
most  significant  change  in  C. 
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Bogachev,  I.  N.  ,  Yu.  G.  Veksler,  and 
V.  M.  Segal'.  Change  of  aluminum 
structure  due  to  a  high-speed  air  flow. 

FiKhOM,  no.  3,  1972,  148-151. 

Mechanical  and  micro-collision  effects  of  a  natural  high¬ 
speed  air  flow  were  investigated  in  u  wind  tunnel  with  emphasis  on  processes 
leading  to  the  deformations  and  fracture  of  metal  surfaces,  and  the  effect 
of  a  temperature  field  on  these  processes.  The  physico-chemical  properties 
of  the  aluminum  specimens  used  (99.  85%  pure  polycrystalline  0.  2  mm 
foil  and  99.99%  pure,  5x7  mm  single  crystals)  permitted  a)  the  omission  of 
oxidation  effects  at  low -temperatures,  and  b)  the  detection  of  mechanical 
effects  of  the  high-speed  air  flow  at  room  temperature.  In  the  present 
work,  the  experimental  method  diifers  from  that  described  by  the  authors 
and  Sorokin  (FMM,  no.  6,  1970)  in  the  shape  of  the  specimens  and  its  mounting  i 
the  wind  tunnel  chamber.  Tests  at  room  temperature  were  conducted  continousl 
for  3  minutes  followed  by  x-ray  analysis;  this  process  was  repeated  5  times. 
Three  tests  at  120°  C  were  similarly  conducted,  lasting  20  min.  for  the 
polycrystals  and  10  min.  for  the  single  crystals.  Structural  changes  were  studied 
by  two  x-ray  methods:  the  Schultz  method  for  single  crystals  and  point  impact 
filming  with  synchronous  film  and  specimen  oscillation  (angle  of  oscillation-20)  i 
the  polycrystals.  Microtopograms  of  the  single  crystals  and  x-ray  photo¬ 
graphs  of  the  polycrystals  show  that  the  room  temperature  high-speed  air 
flow  increased  crystal  lattice  defects  when  the  mutual  orientation  of 
separate  elements  was  varied  slightly.  Application  of  high  temperature 
field  caused  significant  changes  in  both  the  single  and  polycrystal  aluminum 
specimens  to  recrystallization.  For  deformations  in  a  high-speed  air  flow, 
the  main  characteristic  was  the  role  of  thermal  diffusion  processes,  which 
resulted  in  a  pronounced  redistribution  of  defects  changes  in  material 
microstructure  to  the  point  of  failure. 
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Fetisova,  M.  M.  ,  G.  D.  Pogrebnyak,  and 
E.  I.  PLeshakov.  Effect  of  anneal  twinning  on 
high-temperature  failure  of  chrome-nickel- 
molybdenum  steel,  FMM,  no.  5,  1972,  1078- 
1082. 

Anneal  twinning  structure  and  effect  on  the  high  temperature 
failure  of  type  14  Kh2N3MA  steel  was  investigated  by  high-temperature 

metallography.  Specimens  were  heated  to  900-1150°  C  in  a  vacuum 

-4  -5 

chamber  at  10  -10  torr  (in  some  cases,  the  specimens  were  thermally 

etched  at  10  torr),  and  tested  for  momentary  creep  at  900°  C  and  an 

2 

initial  stress  of  2  kg/mm  .  Microstructural  analysis  reveals  twinning  from  gra 
migration  during  recrystallization  or  grain  growth.  The  creep  tests  show  that 
the  most  nonuniform  deformations  occurred  in  the  twins  as  evidenced  by  the  spe¬ 
cimen  surface  composition.  Differences  in  the  shear  deformation  direction 
in  the  twins  and  grains  resulted  in  local  deformations  with  high  stress 
concentration  leading  to  microfracture  at  high-temperature  strain  conditions. 
The  microfracti  e  was  noted  at  points  of  twin  interaction  with  boundary 
grains,  sub-grains  and  other  twins.  According  to  the  authors ,  micro¬ 
fracture  usually  originates  along  the  twin  boundaries  at  angles  30-60°  to 
the  direction  of  tension,  but  is  rarely  along  boundaries  at  other  angles. 


Zhigulev,  V.  N.  Gas  motion  around 
highly  heated  bodies.  ZhPMTF,  no.  4, 

1972,  95-98. 

The  flow  motion  of  a  highly  heated  body  in  a  gaseous  medium 
is  analyzed.  The  problem,  is  connected  with  thermal  slip  and  closely- related 
radiometric  effects.  The  thermal  slip  effect  consists  of  generation  of  macro- 


scopic  motion  in  a  gas  in  contact  with  a  nonuniformly  heated  body.  In  this 
most  general  case,  the  characteristic  velocity  of  macroscopic  motion, 
which  is  a  fundamental  characteristic  of  the  gaseous  state,  is  evaluated 
from 


uo  ~  ev/i  —  ec  Kn 


(1), 


where  v  is  the  kinematic  viscosity,  L  is  the  characteristic  linear 

dimension,  c  is  sound  velocity,  «  ~£T/T.  Kn~  i/L  is  the  Knudsen 

number, ^and^  is  the  free  path.  Two  types  of  heated  body  motion,  when 

«  2:  Mx  ,  are  distinguished  by  the  value  of  the  parameter  w  =  u  /u  . 

oo  o 

At  w  >1,  Re  ^  t  and  the  equation  of  motion  includes  the  parameters  of  the 

\ 

thermal  Barnett  effect.  At  w  ~  l  and  w  (  1 ,  the  motion  velocity  is  of  the  order 
°f  uq  and  Re  ~  e  .  In  the  latter  case,  two  motion  subtypes  are:  e  ~  1  and 
(  K,  1  (slower  than  Stokes  motion).  The  first  subtype  is  described  by  the 
momentum  equation  in  Euler,  Navier-Stokes,  and  Barnett  terms,  and  by 
the  energy  equation  in  Euler  and  Navier -Stokes  temperature  terms  only. 

The  second  subtype  is  described  by  the  equations  of  motion  with  exclusion 
of  most  of  the  Barnett  terms.  If  T  of  the  streamlined  body  is  constant,  the 
evaluation 


llo'  —  eT‘v  /  L  («>1) 

(2) 

is  used  to  calculate  w  and  gas  flow  is  defined  in  terms  of  Stokes  motion. 

An  exact  solution  of  the  equation  of  motion  is  derived  for  a  nonuniformly 
heated  gas  between  two  parallel  planes  at  significantly  different  temperatures, 
i.e.  ,  t  ~I.  Gas  pressure  fluctuation  ^p  between  the  two  planes  is  given  by 

Ap~pc*  Kn’ 

i.e.  the  relative  effect  is  of  the  order  of  10"^  at  Kn~lO"^. 


Antipov,  Ye.  A.,  and  N.  S.  Mozharovskiy. 
Deformation  and  failure  of  heat-resistant 
materials  under  thermal  fatigue  and  creep 
as  a  function  of  the  temperature  and  boundary 
conditions  variation  cycle.  Problemy  proch- 
nosti,  no.  8,  1972,  13-17. 


Thermal  cycling  of  lKhl8N9T  steel  specimens  with  a  dwell 
time  at  the  maximum  temperature  Tmax  and  alternating  loading  indicates 
that  heat-resistant  material  cyclic  life  under  combined  thermal  fatigue 
and  creep  is  more  adequately  described  by  an  experimentally  determined 

function  ^  than  by  the  Coffin  formula.  The  function  lA,  determined  at  T  = 

o  o  *  m 

400  C  and  AT  =  300-600  C  accounts  for  creep  interaction  with  thermal 

fatigue.  Analysis  of  ^  reveals  that  the  cyclic  life  of  a  loaded  material  under 

thermal  fatigue  is  a  function  of  T  (T  and  AT)  and  deformation  boundary 

conditions  K  for  a  given  Tm(t)  regime  and  at  given  T  (constant  T^  and  AT) 

and  K  conditions.  The  effect  of  creep  on  thermal  fatigue  was  evaluated  in 

additional  tensile  tests  at  a  constant  load  «*,,  =  18.4  kg/mm  ,  T^  =  535  C, 

and  AT  =  400^670  C.  The  free  elongation  of  the  specimen  was  limited 

by  a  rigid  device  previously  described  by  one  of  the  authors  (Problemy  proch- 

nosti,  no.  6,  1970).  The  experimental  creep  curves  for  various  Tm(t) 

regimes  or  K  values  were  used  to  plot  a  diagram  (Fig.  1)  from  which  time- 

to-failure  tp  was  determined  as  a  function  of  4>of  y  ^  and  K.  The  plots 
*■>/  (  T  \ 

in  the  4>  -  7  '  -K  coordinate  system  show  a  relationship  between  isothermic 

and  cyclic  creep  and  thermal  fatigue,  and  thereby  contribute  to  a  quantitative 

analysis  of  their  effects.  The  data  on  cyclic  plastic  deformation  variations 

A,  ,  reveal  that  the  strength  and  the  extent  of  the  At  ..  =  const  plateau 
,  ™  ~  (T) 

depend  ony  and  K.  The  cumulative -to -failure  plastic  strainS^  at 

constant  AT  ando..  is  expressed  by  the  function  £(y^,  K).  The  £  plot 
t  ( T )  ^ 

in  the  £  -  7  '  ' -K  coordinate  system  indicated  that  as  a  rule  S 
*\0  /  ) 

with  7  and  K.  The  condition  of  =  const  is  defined  from  an  analysis  of 
the  £(7  K)  plot.  Tabulated  data  show  that  the  given  4>  (7  ^)k)  and 
£  (7  ,  K)  functions  are  also  characteristic  of  other  materials,  e.g.  type 

El  435  alloy. 
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Fig.  1.  Time-to-failure  of  lKhl8N9T 
steel  versus  the  characteristic  7  (T) 
of  the  temperature  cycle  at  a  =  18.4 
kg/mm^  and  AT  =  400*=*’670°  C. 


Tumanov,  A.  T.,  and  K.  I.  Portnoy.  New 
materials  in  modern  technology.  DAN 
SSSR,  v.  205,  no.  2,  1972,  336-338. 

New  metallic  composites  developed  under  the  direction  of  the 
authors  are  discussed.  The  new  composites  are  claimed  to  be  far  superior 
to  commercial  alloys  and  equal  to  the  analogous  foreign  composites. 
Thermomechanical  characteristics  and  processing  methods  are  described 
for  fiber-reinforced  Air  or  Ni-base  composites  and  precipitation-hardened 
Ni-base  composites.  The  strength  dg.  and  Young's  modulus  E  of  the  VKA-l 
Al-base  composite  reinforced  with  50%  boron  fibers  are  2-3  times  higher 
than  for  certain  standard  Al  alloys  (Fig.  1).  The  following  characteristics 
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Fig.  1.  Comparative  characteristics 
of  the  Al-50%  B  composite  alloy  (l), 
B-95{2)  andAK4-l(3)  commercial 
Al-alloys . 


2 

are  given  for  the  VKA-1  alloy:  40-50  kg/mm  long-term  strength  at 

400°  C  after  100  hr.  testing,  versus  8.5  kg/mm2  for  the  high  heat- 

resistant  SAP-2  A1  alloy,  a  41  (kg/mm  )/(g/cm  )  strength/density 

(  <L/7)  ratio  at  20°,  and  a  40-50  kg/mm2  fatigue  strength  after  10^ 

L  2 

cycles  versus  12-15  kg/mm  for  conventional  Al  alloys.  It  was  calculated 
that  by  substituting  a  Ti  alloy  with  reinforcing  plates  of  VKA-l  for  a  B95 
alloy  as  structural  materials  for  aircraft  wing  spars,  a  42%  spar  weight 
decrease  and  a  45%  increase  in  rigidity  would  be  achieved. 

The  characteristics  of  a  new,  high-temperature  (1100-1200°  C) 
Ni  base  composite  reinforced  with  40-50%  W  or  Mo  fibers  are  summarized 
in  Table  1. 


Mater¬ 

ial 

-10°. 

kgAnrrr 

dt,  kg/mm2 

(kg/mm2) 

r(g/cmj) 

r,  °c 

1100 

1100 

1.00 

\m  | 

1100 

r.’oo 

VKN-1 

15—20 

53,8 

.38.5 

20 

.3,  1 

ZhS6 

0—7 

.31,7 

0,8 

.3.9 

1.2 

Table  I.  Characteristics  of  the  VKN-1  Ni 
composite  alloy  and  the  ZhS6  standard  heat- 
resistant  Ni  alloy. 
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The  new  precipitation-hardened  Ni-base  composites  VDU-1  (with  ThO?) 
and  VDU-2  (with  Hf02)  can  be  used  up  to  1200  C  versus  1000°  C  for 
commercial  heat-resistant,  Ni-base  forming  alloys.  Fatigue  in  the 
new  composites  is  comparatively  slow.  The  long-term  strength  of 
the  VKN-1  alloy  at  1100  C  is  twice  that  of  presently  used  Ni-base 
heat-resistant  alloys  and  decreased  only  slightly  with  an  increase  in 
testing  time  to  1000  h.  The  VDU-1  and  VDU-2  composites  exhibited 
maximum  characteristics  at  a  hardener  content  of  2. 5-3. 5  vol%. 


Lozhkin,  V.  L. ,  and  Yu.  A.  Ryzhov. 

Roughness  effect  in  the  interaction  of  a 
rarefied  gas  with  a.  solid  surface. 

ZhPMTF,  no.  4,  1972,  68-75. 

An  approximate  formula  is  derived  for  the  transform  F^ 
of  single  reflection  of  a  rarefied  gas  molecule  from  random  microroughness 
on  a  solid  surface.  More  convenient  for  numerical  calculations  than  a 
previous  solution,  the  formula  accounts  for  real  surface  anisotropy  by 
means  of  the  three-dimensional  anisotropic  random  field  £  (x,  y).  The 
unknown  F^  is  completely  defined  by  the  dispersions  d^  and  d^  of  the 
£  (t)  derivative  along  the  x-  and  y-axes  and  the  initial  angles  of  incidence 
V’j  and0j  (Fig.  1),  when  the  x-und  y-  axes  coincide  with  the  principal 
roughness  orientations.  The  F7  definition  is  based  on  the  assumed  sequence 
of  events  shown  in  Fig.  1.  A  free-molecular  flow  along  MO  interacts  and 
reflects  from  the  surface  near  0,  and  propagates  along  ON  to  infinity. 
Integration  of  probabilities  of  the  cited  events  gave  a  formula  for  F^. 

The  Fj  approximation  is  valid  when  the  function  of  the  molecular  trajectory 
f{t)/dt^2  or  0^-*9O°.  Only  a  very  limited  space  |f(t)/d  |  <2,  exists  in 
which  the  F^  approximation  is  in  error.  The  error  maximum  is  10%  even 
for  strong  roughness  (d^l).  Computations  of  F^  reveal  that  in  the  case  of 
an  anisotropic  surface  (dx/d y^=  1),  the  F^  (@2)  curve  extends  toward 
maximum  dispersion.  For  0^  =  90  and  an  isotropic  surface^  a  discrepancy 
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Fig.  1.  Diagram  of  gas  molecule 
single  interaction  with  a  solid 
surface. 


was  observed  between  the  cited  approximation  of  Fj  (0  )  and  a  previous 
approximation  specifically  for  the  values  at  which  the  latter  approximation 
becomes  inapplicable  0.3).  The  derived  F^  formula  can  be  used  to 

calculate  the  probability  of  a  single  reflection,  momentum  and  energy 
accommodation  coefficients,  and  other  aerodynamic  parameters. 


Belan,  N.  V.  ,  V.  F.  Gaydukov,  G.  I. 

Kostyuk,  and  Ye,  K.  Ostrovskiy.  Features  of 
vacuum  discharge  development  during  its 
initiation  by  an  electron  beam.  ZhTF,  no. 

6,  1972,  1270-1277. 

Breakdown  processes  caused  by  intense  local  heating  of  a 
surface  by  an  electron  beam  are  analyzed.  In  particular,  anode  thermal 
processes  are  considered  which  result  in  surface  vapor  formation  and  electric 
break-down  of  the  vacuum  gap.  Surface  thermal  flux  on  the  type  L8KhNVA 
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steel  anode  material  was  generated  by  an  electron  beam.  Conditions  for 
breakdown  initiation  and  anode  erosion  in  the  predischarge  and  discharge 
stages  were  investigated  using  the  experimental  device  shown  in  Fig.  1. 


Fig.  1.  Discharge  circuit. 

1,  2-  electrodes  (1-anode  specimen) 

3-  thermo-cathode 

4-  focusing  electrode 

5-  heater 

6-  charging  circuit. 


The  breakdown  initiation  was  attributed  to  a  specific  anode  surface 
temperature,  governed  by  the  penetration  depth  of  isothermic  hardening. 
Attempts  were  made  to  segregate  the  masses  entering  into  the  predischarge 
(by  electron  beam  energy)  and  discharge  (by  condenser  battery  energy)  stages. 
Erosion  characteristics  were  also  studied  as  a  function  of  anode  specimen 
surface  purity.  Conclusions  are;  l.  Inter-electrode  gap  break-down  is 


associated  with  a  surface  vaporization  temperature  corresponding 
to  a  pressure  of  2*10  torr  and  a  subsequent  beam  self- compression, 
leading  to  an  anode  surface  local  vapor  density  sufficient  for  discharge 
ignition.  2.  An  increase  of  surface  power  density  in  the  range  of 
4*10  -2*10  w /cm  leads  to  a  decrease  of  the  separating  mass  by  the 
electron  beam  (up  to  the  ignition  of  the  primary  discharge);  i.  e.  , 
break-down  conditions  are  reached  with  smaller  quantities  of  the 
separating  mass.  3.  The  erosion  pattern  from  the  combined  effects  of 
the  electron  beam  and  condenser  battery  can  be  represented  by  two  types 
of  craters:  one  with  a  diameter  to  lOp  and  peripheral  erosion  traces  due 
to  the  condenser  battery;  and  the  other  with  a  diameter>10jj.  due  to  the  electron 
beam.  4.  An  increase  of  discharge  energy  from  4.5  to  207  joules  apparently 
does  not  alter  the  shape  of  erosion  traces,  nor  significantly  increase  the 
erosion  in  the  presence  of  the  electron  beam. 


Serensen,  S.  V.  ,  and  V.  S.  Strelyayev. 

Statistical  law  of  destruction  and  probability 
estimation  of  static  strength  of  structural 
elements  made  up  of  polymer  composites. 

MP,  no.  3,  1972,  466-482. 

Experimental  data  on  rupture  strength,  shear  strength,  and 
lamination  resistance  of  various  polymer  composite  structural  elements 
are  statistically  analyzed  using  fracture  stochastic  models.  A  progressive 
fracture  model  and  a  model  of  a  weak  link  are  introduced.  The  experimental 
data  indicated  that  the  first  model  is  satisfactory  only  for  nearly  regular 
structures.  A  statistical  analysis  of  the  static  and  quasistatic  load¬ 
carrying  capacity  of  the  structural  elements  was  made  within  a  time- 
independent  frame  of  reference  for  a  rapid  brittle  fracture.  The  distribution 
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functions  P  (d)  and  P  (dmax)  for  rupture  strength,  and  P  (r)  and 
P  (t  max)  for  shear  strength  were  approximated  by  Weibull  distributions, 
and  plotted  for  several  compositions  and  specimens  of  varying  geometry. 

In  the  first  approximation,  the  ultimate  tensile  stress,  associated  with 
macrocrack  formation  in  the  zone  of  stress  concentration,  is  determined 
from  statistical  strength  characteristics  and  stressed  material  volume. 

Ultimate  fracture  occurs  at  loads  40-60%  greater  than  those  corresponding 
to  the  initial  crack  formation.  The  ultimate  shear  stress  was  found  to  be 
independent  of  the  shear  area. 

2 

The  distribution  function  P(Ksn  )  for  the  lamination 
resistance  of  high-strength  composites  was  evaluated  using  the  weak  link 
model,  allowing  for  the  link  dimensions  which  are  a  function  of  the  ductile 
fracture  paraTneter  K^j-j  •  If  was  shown  that  in  the  presence  of  surface 
defects, the  critical  stress  of  lamination  can  be  50%  lower  than  the  rupture 
strength.  The  fracture  stochastic  models  were  also  applied  to  a  statistical 
analysis  of  fracture  criteria  for  composites  stressed  in  the  reinforcement  plane. 
These  fracture  criteria  were  determined  by  tensile-compression  strength 
and  interlaminar  shear.  Results  show  that  in  most  cases  a  calculation  of 
the  interlaminar  tangential  strength  is  required,  e.g.  ,  for  elements  under 
bending  stress.  The  probable  strength  of  the  elements  is  determined  by  a 
differential  analysis  of  probability  P(rf)  of  fracture  by  normal  stresses, 
probability  P  (t  )  of  fracture  by  tangential  stresses,  and  the  corresponding 
safety  factors. 
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Sabun,  L.  B.  ,  V.  Ye.  Zinov'yev,  L..  P. 
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Mikhaylova.  Thermophysical  and  mechanical 
properties  of  several  structural  steels.  IVUZ 
Cher,  no.  6,  1972,  110-113. 

The  thermophysical  and  mechanical  characteristics  of 

several  heat-treated  structural  steels  were  investigated  and  compared 

to  determine  their  optimum  operating  conditions.  Measurements  were 

made  of  the  modulus  of  elasticity,  E;  viscosity  coefficient,  Q;  coefficient 

of  linear  expansion,  a  ;  thermal  conductivity  coefficient,  X  ;  and  the 

specific  heat,  C.  It  was  noted  that  the  coefficient  of  linear  expansion  or 

decreased  in  the  temperature  range  500-670°  C,  but  the  viscosity  coefficient 

Q  reached  a  maximum  value  (activation  energy  =  41-45  kcal/mol).  The 

decrease  in  a  was  studied  by  annealing  a  type  14Kh2GMR  steel  specimen 

at  550  C  and  measuring  the  microhardness.  Microhardness  increased 

2 

from  270  to  300  kg/mm  with  an  increase  in  annealing  time  duration.  A  viscosit 
relaxation  peak  and  an  anomalous  modulus  were  identified  in  the  temperature 
range  725-835°  C  (activation  energy  =  51-53  kcal/mol),  causing  a  hysteresis 
loss  at  ar-*-7  transition  dislocations.  The  degree  of  alloying  of  the  test 
specimens  was  3-5%,  Values  e-f  specific  heat  and  heat  content  differed 
very  little  over  the  entire  temperature  range.  Since  the  specific  heat  value 
remained  relatively  constant,  it  is  suggested  that  this  value  is  not  a  factor 
of  chemical  composition.  Specific  heat  increased  with  a  rise  in  temperature, 
reaching  a  maximum  in  the  region  750-760  C  during  transition  to  the 
austenitic  state  and  a  loss  of  magnetic  properties.  The  thermal  conductivity 
coefficient  X  decreased  with  a  rise  in  temperature  but  remained  practically 
constant  at  27-30  w/(rrwdegree)  for  all  specimens  at  700-800°  C  (Table  I). 
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Temoerature.  °C.  i 

STEEL  ; 

100  |  200  |  300  400  600  600 

700  j  900 

0 

i 

degree' 

-1 

• 

MST.3SP 

11,  G7 

12,48 

15,45 

1G.46  I 

17,37 

16,16 

15,41 

23,57 

1  OKnSND 

15G&AF 

11,95 

11,82 

12,91 

14,38 

13,88 

15,45 

11 

16,25 

17,37 

13,56 

15,00 

15,17 

14,66 

m 

1  5KhG2SFR 

12.7G 

14,38 

15,46 

16,21 

14,45 

15,08 

23,67 

1 4Kh2  GMR 

12,08 

13,71 

14,62 

15,56 

1G.42 

14,16 

14,76 

23,24 

14KhMNDFR 

12,45 

13,23 

15,46 

16,46 

16.71 

14,67 

15,29 

21,85 

X 

,  w/(m-  degree) 

MST.  3SP 

54,8 

1  52,3 

49,6 

44,8 

39,3 

34,1 

!  29.8 

_ 

lOKhSND 

39,9 

1  39.4 

38,3 

36,3 

33,9 

31,5 

20 

— 

15G2AF 

45, (i 

42,2 

39  ,G- 

36.3 

32,7 

29,2 

— 

1  5KhG2SFR 
14Kh2GMR 

34,5 

37.4 

33,1 

3G,G 

31,7 

35,3 

30,2 
34,0  . 

28,9 

33,2 

27,5 

31,2 

26,2 
|  30.2 

— 

Table  I.  Thermophysical  characteristics  of  steel  specimens  . 


The  degree  of  alloying  had  a  significant  effect  on  the  thermal 

conductivity  of  steel.  At  200°  C  thermal  conductivity  X  for  low-alloyed 

steel  MST3SPwas  52.3  w/(m.  deg.),  and  33  w/(m.  deg.)  for  high-alloyed 

steel  l5KhG2SFR.  The  electrical  resistance  of  the  test  specimens  was 

determined  according  to  the  electron  component  of  thermal  conductivity. 

-8 

The  resistance  was  highest  for  type  15KhG2SFR  steel  (56.2*10  ohm  m) 

-8 

and  lowest  for  MST3SP  steel  (28.2x10  ohm  m).  Graphical  results  are 
included  for  the  tested  steels. 
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v.  11,  1972,  K117-K121. 


The  theory  of  VC^  switching  from  an  insulating  to  a 
conductive  state  is  expanded  to  include  the  case  of  perfect  cooling,  which 
was  not  covered  in  the  earlier  papers  of  other  cited  authors.  The  current- 
voltage  (I-U)  characteristic  of  the  v  C>2  device  is  calculated  assuming  a 
high- conductivity  (  <»  2)  bubble  arises  in  the  center  of  the  cylindrical 
filament  at  a  critical  applied  voltage  U£  (Fig.  1).  The  bubble  changes 


Fig.  1.  Geometry  and 
specific  resistances 
of  the  device. 

the  temperature  profile  T(r,  z)  which  is  calculated  in  an  approximation  of 
a  conductivity  law  by  solving  the  heat  transfer  equation  with  perfect 
cooling  boundary  conditions.  The  T(r,  z)  =  T£  expression  acquires  the 
form  of  an  equation  for  a  highly-conducting  ellipsoid  with  a  and  b  axes.  At 
a  =  0  or  b  =  0,  this  equation  gives  the  threshold  voltage 
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where  *  is  the  thermal  conductivity,  Tq  is  the  ambient  temperature, 
d  j  is  the  conductivity  at  T<Tc>  and  Cj  is  a  coefficient  in  the  expression 
for  T(r,  z).  The  resistance  R  of  the  device  also  changes  in  the  presence 
of  a  bubble  when  d ^ ^  **  j  •  The  total  resistance  of  the  device  is  given  by 
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where  Ro  is  the  resistance  outside  the  filament,  R  =  R  +R.  is  the 

r  B  L 

resistance  of  the  filament,  and  Rg  and  Rj  are  specific  resistances  (Fig.  1). 
The  voltage  to  a  bubble  is  then 


where  d^,  the  homogeneous  conductivity,  describes  the  variation  of  R^^, 
The  I-U  characteristic  is  then  given  by  U/R^*  where  U  and  Rw^  are 
expressed  through  a,  b,  dj,  d  and  d.  The  I-U  plots  (Fig.  2)  show  that 
after  switching  begins  I  increases  because  of  the  perfect  cooling,  in  contrast 
to  the  findings  of  Walden  (IEEE  Trans.  Electron  Device,  ED-17,  1970,  603). 


Fig.  2.  I-U  curves  for  different 
geometries  (d/R)T  =  1/10 ;  (d/R)TT  = 
1/20.  n 


Fig.  3.  Shape  of  the  high- 
conducting  bubble  at  different 
points  of  the  I-U  curve. 


The  correlation  between  I  and  the  approximate  shape  of  the  bubble 
(Fig.  2  and  3)  indicates  that  switching  starts  at  Uc  in  the  hot  center 
(r  =o,  z  =  o)  of  the  device  and  the  bubble  grows  with  the  increasing 
power  input.  The  switching  consequently  is  not  dependent  on  whether 
the  bubble  reaches  the  electrodes. 


B.  Recent  Selections 


Alekseyev,  A.  I.,  and  Yu.  P.  Nikitin.  Electromagnetic 
radiation  in  a  moving  medium.  ZhETF,  v.  63,  no.  4,  1972, 
1195-1197. 

Arutyunyan,  F.  R.,  A.  Kh.  Mkhitaryan,  R.  A.  Oganesyan, 

B.  O.  Rostomyan,  and  Ye.  K.  Khanikyants.  Luminescence  of 
metals  under  the  effect  of  nonrelativistic  electrons.  ZhETF,  v.  63, 
no.  4,  1972,  1151-1158. 

Borshkovskiy,  I.  A.,  V.  D.  Volovik,  I.  A.  Grishayev,  I.  I. 
Zalyubovskiy,  V.  V.  Petrenko,  G.  A.  Chekhutskiy,  and  G.  L. 
Fursov.  Fast  charged  particle  and  gamma  quanta  excitation  of 


acoustic  waves  in  metals.  ZhETF,  v.  63,  no.  4,  1972,  1337-1342. 


spros 


Fiz.-tekhn.  institut.  Khar'kov,  1972,  9p.  (KL,  44/72,  no. 
35872) 

Dmitriyev,  M.  T.  ,  V.  M.  Deryugin,  and  G.  A.  Kalinkevich. 
Optical  emission  from  ball  lightning.  ZhTF,  no.  10,  1972, 
2187-2189. 


Fesenko,  Ye.  Ye.,  N.  Ya.  Orlov,  and  V.  N.  Kulakov.  Micro- 
second  pulse-duration  light  source.  PTE,  no.  5,  1972,  187-188 


Finkel'  shteyn,  M.  I.,  and  V.  G.  Glushnev.  Device  for 

measuring  sea  ice  thickness.  Author's  certificate,  USSR 

. 

no.  353204,  published  August  15,  1969.  Otkr  izobr,  no.  29, 

1972,  111-112. 

Grishko,  N.  A.  ,  L.  I.  Muratov,  and  Ye.  N.  ■'"'"il'man,  Device 

— 

for  protecting  long-range  communication  linear  transistor 
amplifiers  from  short  duration  pulsed  overvoltage.  Author's 
certificate,  USSR  no.  3  54510,  published  December  11,  1970. 

Otkr  izobr,  no.  30,  1972,  164-165. 

Grodnev,  I.  I.,  V.  M.  Dri  itrachenko,  Yu.  M.  Isayenko,  et  al. 

Vclnovody  dal'ney  svyazi  (Long-range  communication  waveguides). 
Moskva,  Izd-vo  Svyaz',  1972,  I92p.  (KL,  31/72,  no.  26281) 

I 

Kapitsa,  P.  L.  Fizicheskiye  zadachi  (Problems  in  physics). 

Novoye  v  zhizni,  nauke,  tekhnike.  Seriya  fizika,  no.  6,  1972, 

47p. 

Kapitsa,  S.  P.  Stanovleniye  fiziki  (The  formation  of  physics). 

Novoye  v  zhizni,  nauke,  tekhnike.  Seriya  fizika,  no.  8,  1972,  48p. 

i 

Leningradskiy  institut  tochnoy  mekhaniki  i  optiki.  Sbornik 
nauchnykh  trudov  aspirantov  po  vporosam  optiki,  elektro-  i 
radiopriborostroyeniya  (Leningrad  Institute  of  Precision 
Mechanics  and  Optics.  Graduate  transactions  on  problems  in 
optics  and  electrical  and  radio  instrument  making)  Leningrad, 

1972,  189p.  (KL,  3  2/72,  no.  27207) 

Martsinkevich,  L.  M.  ,  and  V.  V.  Melent'yev.  Centimeter -band  retui 
from  a  disturbed  sea  surface.  IN:  Trudy  Glavnoy  geofizicheskoy 
observat.orii,  no.  291,  1972,  24-33. 


-144- 


Melent'yev,  V.  V.  ,  and  Yu.  I.  Rabinovich.  Methods  of 
laboratory  measurements  of  radiation  properties  in  the 
centimeter  band.  IN:  Trudy  Glavnoy  geofizicheskoy 
observatorii,  no.  291,  1972,  3-8. 

Melent'yev,  V.  V.  ,  and  Yu.  I.  Rabinovich.  Results  of 
laboratory  measurements  of  radiation  coefficients  of  natural 
surfaces.  IN:  Trudy  Glavnoy  geofiziche skoy  observatorii, 
no.  291,  1972,  14-17. 

Melent'yev,  V.  V.  ,  and  Yu.  I.  Rabinovich.  Measuring  radiation 
coefficients  of  a  water  surface  covered  with  foam  and  organic 
films.  IN:  Trudy  Glavnoy  geofizicheskoy  observatorii,  no.  291, 
1972,  9-13. 

Melent'yev,  V.  V.  ,  Yu.  I.  Rabinovich,  and  G.  G.  Shchukin. 
Airborne  measurement  of  return  from  a  disturbed  sea  surface. 
IN:  Trudy  Glavnoy  geofizicheskoy  observatorii,  no.  291,  1972, 
34-39. 

Sergeyev,  B.  I.,  et  al.  Myagkiye  konstruktsii- -novy  vid 
gidrotekhnicheskikh  sooruzheniy  (Soft  construction  --a  new  type 
of  hydraulic  engineering  structure).  Moskva,  1971,  89p.  (RBL, 
12/71,  no.  935) 

Shchukin,  G.  G.  R-f  return  from  natural  land  surfaces.  IN: 
Trudy  Glavnoy  geofizicheskoy  observatorii,  no.  291,  1972,  18-23. 

Skuridin,  G.  A.  Izucheniye  plazmennykh  obolochek  nebesnykh 
tel  kosmicheskimi  apparatami  (Study  of  celestial  body  plasma 
sheaths  using  space  vehicles).  Novoye  vzhizne,  nauke  tekhnike. 
Seriya  Kosmonavtika,  astronomiya,  no.  8,  1972,  64p. 


\ 

Smilauer,  J.  Ionospheric  sounding  using  artificial  satellite 
coherent  radio  signals.  SLaboproudy  obzor,  v.  32,  no.  -8, 

1971,  353-361.  (RZh  Issledovaniya  kosmicheskikh  prostranstv, 

1/72,  no.  1.62.267) 

Tsybakova,  L.  S.  On  oscillations  in  open  resonators.  DAN 
SSSR,  v.  205,  no.  1,  1972,  68-71. 

Tsytovich,  V.  N.  Development  of  plasma  turbulence  concepts. 

UFN,  v.  108,  no.  I,  1972,  143-176. 

Vishnevskaya,  N.  L.  ,  and  L.  A.  Zashchinskiy.  Feasibility 
of  deformation  of  the  terrestrial  magnetic  field  during  inversion. 

IVUZ  Fiz,  no.  10,  1972,  145-147. 

Volkova,  G.  A.  ,  A.  S.  Zingerman,  and  Yu.  M.  Kruglov.  High 
speed  filming  of  hydrodynamic  processes  during  breakdown  of 
small  gaps  in  liquids.  IN:  Trudy  Leningradskogo  instituta 
kinoinzhenerov,  no.  18,  1972,  3-10.  (RZhFoto,  10/72,  no. 

10.46.  217) 

Voprosy  teorii  i  tekhniki  radiolokatsii  (Problems  in  radar 
engineering  and  theory.  Collection  of  articles).  Trudy 
Rizhskogo  instituta  inzhenerov  grazhdanskoy  aviatsii,  Riga, 

1972,  20p.  (KL,  29/72,  no.  24606) 


-146- 


SOURCE  ABBREVIATIONS 


AiT 

- 

Avtomatika  i  telemekhanika 

APP 

- 

Acta  physica  polonica 

DAN  ArmSSR 

- 

Akademiya  nauk  Armyanskoy  SSR.  Doklady 

DAN  AzSSR 

- 

Akademiya  nauk  Azerbaydzhanskoy  SSR. 
Doklady 

DAN  BSSR 

m 

Akademiya  nauk  Belorusskoy  SSR.  Doklady 

DAN  SSSR 

- 

Akademiya  nauk  SSSR.  Doklady 

DAN  TadSSR 

- 

Akademiya  nauk  Tadzhikskoy  SSR.  Doklady 

DAN  UkrSSR 

- 

Akademiya  nauk  Ukrainskoy  SSR.  Dopovidi 

DAN  UzbSSR 

m 

Akademiya  nauk  Uzbekskoy  SSR.  Doklady 

DBAN 

- 

Bulgarska  akademiya  na  naukite.  Doklady 

EOM 

- 

Elektronnaya  obrabotka  materialov 

FAiO 

- 

Akademiya  nauk  SSSR,  Izvestiya.  Fizika 
atmosfery  i  okeana 

FGiV 

m 

Fizika  goreniya  i  vzryva 

FiKhOM 

- 

Fizika  i  khimiya  obrabotka  materialov 

F-KhMM 

- 

Fiziko-khimiche skaya  mekhanika  materialov 

FMiM 

- 

Fizika  metallov  i  metallovedeniye 

FTP 

- 

Fizika  i  tekhnika  poluprovodnikov 

FTT 

- 

Fizika  tverdogo  tela 

FZh 

- 

Fiziologiche  skiy  zhurnal 

GiA 

- 

Geomagnetizm  i  aeronomiya 

GiK 

- 

Geodeziya  i  kartografiya 

IAN  Arm 

- 

Akademiya  nauk  Armyanskoy  SSR,  Izvestiya. 
Fizika 

IAN  Az 

- 

Akademiya  nauk  Azerbaydzhanskoy  SSR. 
Izvestiya,  Seriya  fiziko-tekhnicheskikh  i 
matematicheskikh  nauk 

-147- 


IAN  B 

Akademiya  nauk  Belorusskoy  SSR.  Izvestiya. 
Seriya  fiziko-matematicheskikh  nauk 

IAN  Biol 

- 

Akademiya  nauk  SSSR.  Izvestiya.  Seriya 
biologicheskaya 

IAN  Energ 

- 

Akademiya  nauk  SSSR.  Izvestiya.  Energetika 
i  transport 

IAN  Est 

- 

Akademiya  nauk  Estonskoy  SSR.  Izvestiya. 
Fizika  matematika 

IAN  Fiz 

- 

Akademiya  nauk  SSSR.  Izvestiya.  Seriya 
fizicheskaya 

IAN  Fizika  zemli 

- 

Akademiya  nauk  SSSR.  Izvestiya.  Fizika 
zemli 

IAN  Kh 

- 

Akademiya  nauk  SSSR.  Izvestiya.  Seriya 
khimicheskaya 

IAN  Lat 

- 

Akademiya  nauk  Latviyskoy  SSR.  Izvestiya 

IAN  Met 

tm 

Akademiya  nauk  SSSR.  Izvestiya.  Metally 

IAN  Mold 

«■ 

Akademiya  nauk  Moldavskoy  SSR.  Izvestiya. 
Seriya  fiziko-tekhnicheskikh  i  matematicheskikh 
nauk 

IAN  SO  SSSR 

- 

Akademiya  nauk  SSSR.  Sibirskoye  otdeleniye. 
Izvestiya 

IAN  Tadzh 

*" 

Akademiya  nauk  Tadzhiksoy  SSR.  Izvestiya. 
Otdeleniye  fiziko-matematicheskikh  i  geologo- 
khimicheskikh  nauk 

IAN  TK 

m 

Akademiya  nauk  SSSR.  Izvestiya.  Tekhni- 
cheskaya  kibernetika 

IAN  Turk 

Akademiya  nauk  Turkmenskoy  SSR.  Izvestiya. 
Seriya  fiziko-tekhnicheskikh,  khimicheskikh, 
i  geologiche  skikh  nauk 

IAN  Uzb 

- 

Akademiya  nauk  Uzbekskoy  SSR.  Izvestiya. 
Seriya  fiziko-matematicheskikh  nauk 

IBAN 

— 

Bulgarska  akademiya  na  naukite.  Fizicheski 
institut,  Izvestiya  na  fizicheskaya  institut 
s  ANEB 

I-FZh 

- 

Inzhenerno-fizicheskiy  zhurnal 

-148- 


IiR 


Izobretatel'  i  ratsionalizator 


ILEI 

Leningradskiy  elektrotekhnicheskiy  institut. 
Izve  stiya 

IT 

- 

Izmeritel'naya  tekhnika 

IVUZ  Avia 

- 

Izve  stiya  vysshikh  uchebnykh  zavedeniy. 
Aviatsionnaya  tekhnika 

IVUZ  Cher 

- 

Izve  stiya  vysshikh  uchebnykh  zavedeniy. 
Chernaya  metallurgiya 

IVUZ  Energ 

- 

Izve  stiya  vysshikh  uchebnykh  zavedeniy. 
Energetika 

IVUZ  Fiz 

- 

Izvestiya  vysshikh  uchebnykh  zavedeniy. 
Fizika 

IVUZ  Geod 

- 

Izvestiya  vysshikh  uchebnykh  zavedeniy. 
Geodeziya  i  aero£otos"yemka 

IVUZ  Geol 

- 

Izvestiya  vysshikh  uchebnykh  zavedeniy. 
Geologiya  i  razvedka 

IVUZ  Gorn 

- 

Izvestiya  vysshikh  uchebnykh  zavedeniy. 
Gornyy  zhurnal 

IVUZ  Mash 

- 

Izvestiya  vysshikh  uchebnykh  zavedeniy. 
Mashinostroyeniye 

IVUZ  Priboro 

- 

Izvestiya  vysshikh  uchebnykh  zavedeniy, 
Priborostroyeniye 

IVUZ  Radioelektr 

- 

Izvestiya  vysshikh  uchebnykh  zavedeniy. 
Radioelektronika 

IVUZ  Radiofiz 

- 

Izvestiya  vysshikh  uchebnykh  zavedeniy. 
Radiofizika 

IVUZ  Stroi 

- 

Izvestiya  vysshikh  uchebnykh  zavedeniy. 
Stroitel'stvo  i  arkhitektura 

KhVE 

- 

Khimiya  vysokikh  energiy 

KiK 

a* 

Kinetika  i  kataliz 

KL 

- 

Knizhnaya  letopis' 

Kristall 

m 

Kristallografiya 

KSpF 

m 

Kratkiye  soobshcheniya  po  fizike 
-149- 

LZhS 

MiTOM 

MP 

MTT 

MZhiG 

NK 

NM 

NTO  SSSR 

OiS 

OMP 

Otkr  izobr 

PF 

Phys  abs 

PM 

PMM 

PSS 

PSU 

PTE 

Radiotekh 

RiE 

RZhAvtom 

RZhElektr 


Letopis1  zhurnal'nykh  statcy 

Mctallovedcniyc  i  termicheskaya  obrabotka 
materialov 

Mekhanika  polimerov 

Akademiya  nauk  SSSR.  Izvestiya.  Mekhanika 
tverdogo  tela 

Akademiya  nauk  SSSR.  Izvestiya.  Mekhanika 
zhidkosti  i  gaza 

Novyye  knigi 

Akademiya  nauk  SSSR.  Izvestiya.  Neorgan- 
icheskiye  materialy 

Nauchno-tekhniche  skiye  obshchestva  SSSR 
Optika  i  spektroskopiya 

Optiko-mekhanicheskaya  promyshlennost' 

Otkrytiya,  izobreteniya,  promyshlennyye 
obraztsy,  tovarnyye  znaki 

Postepy  fizyki 

Physics  abstracts 

Prikladnaya  mekhanika 

Prikladnaya  matematika  i  mekhanika 

Physica  status  solidi 

Pribory  i  sistemy  upravleniya 

Pribory  i  tekhnika  eksperimenta 

Radiotekhnika 

Radiotekhnika  i  elektronika 

Referativnyy  zhurnal.  Avtomatika,  tele- 
mekhanika  i  vychislitel’naya  tekhnika 

Referativnyy  zhurnal.  Elektronika  i  yeye 
prime  neniye 


-150- 


RZhF 

- 

Referativnyy  zhurnal. 

Fizika 

RZhFoto 

- 

Referativnyy  zhurnal. 

F  otokinotekhnika 

RZhGeod 

- 

Referativnyy  zhurnal. 
ye  mka 

Geodeziya  i  aeros"- 

RZhGeofiz 

- 

Referativnyy  zhurnal. 

Geofizika 

RZhlnf 

- 

Referativnyy  zhurnal. 

Informatics 

RZhKh 

- 

Referativnyy  zhurnal. 

Khimiya 

RZhMekh 

- 

Referativnyy  zhurnal. 

Mekhanika 

RZhMetrolog 

- 

Referativnyy  zhurnal. 
itel'naya  tekhnika 

Metrologiya  i  izmer- 

RZhRadiot 

- 

Referativnyy  zhurnal. 

Radiotekhnika 

SovSciRev 

- 

Soviet  science  review 

TiEKh 

- 

Teoreticheskaya  i  eksperimental'naya  khimiya 

TKiT 

- 

Tekhnika  kino  i  televideniya 

TMF 

- 

Teoreticheskaya  i  matematiche skaya  fizika 

TVT 

- 

Teplofizika  vysokikh  temperatur 

UFN 

- 

Uspekhi  fizicheskikh  nauk 

UFZh 

- 

Ukrainskiy  fizicheskiy  zhurnal 

UMS 

- 

Ustalost'  metallov  i  splavov 

UNF 

- 

Uspekhi  nauchnoy  fotografii 

VAN 

- 

Akademiya  nauk  SSSR. 

Ve  stnik 

VAN  BSSR 

- 

Akademiya  nauk  Belorusskoy  SSR.  Vestnik 

VAN  KazSSR 

- 

Akademiya  nauk  Kazakhskoy  SSR.  Vestnik 

VBU 

- 

Belorusskiy  universitet.  Vestnik 

VNDKh  SSSR 

- 

VNDKh  SSSR.  Informatsionnyy  byulleten' 

VLU 

- 

Leningradskiy  universitet.  Vestnik.  Fizika, 
khimiya 

VMU 

- 

Moskovskiy  universitet.  Vestnik.  Seriya 
fizika,  astronomiya 
-151- 

ZhETF 


Zhurnal  eksperimental'noy  i  teoreticheskoy 
fiziki 


ZhETF  P 

ZhFKh 

ZhNiPFiK 

ZhNKh 

ZhPK 

ZhPMTF 

ZhPS 

ZhTF 


Pis'ma  v  Zhurnal  eksperimental'noy  i  teoret¬ 
icheskoy  fiziki 

Zhurnal  fizicheskoy  khimii 

Zhurnal  nauchnoy  i  prikladnoy  fotografii  i 
kinematografii 

Zhurnal  neorganicheskoy  khimii 
Zhurnal  prikladnoy  khimii 

Zhurnal  prikladnoy  mekhaniki  i  tekhnicheskoy 
fiziki 

Zhurnal  prikladnoy  s^ektroskopii 
Zhurnal  tekhnicheskoy  fiziki 


ZhVMMF 

ZL 


Zhurnal  vychislitel'noy  matematiki  i  matemat- 
icheskoy  fiziki 

Zavodskaya  laboratoriya 


-152- 


8.  Author  Index 


1 

» 

I 

I 


1 

I 

1 

I 

I 

I 


ii 


r 


▼ 


A 

Kondrya,  A.  K.  30 

Kopecky,  V.  87 

Anisimov,  S,  I.  1 

Korchagina,  O.  A.  66 

Anoshin,  A,  N,  11 

Korotkov,  V.  A.  36 

Antipov,  Ye.  A.  112 

Korsunskaya,  I.  A.  107 

Arifov,  U.  A.  7 

Kosarev,  I.  B.  49 

Asabayev,  Ch.  67 

Kovalchuk,  V.  M.  88 

Aseyev,  G.  I.  9,  10 

Kuznetsov,  V.  S.  87 

B 

L 

Bashurov,  V.  34 

Lazarenko,  B.  R.  89 

Begoulev,  P.  B.  34 

Letokhov,  V.  S.  8 

Be lan,  N.  V.  116 

Levin,  M.  L.  95 

Belobrovik,  V.  I.  6 

Lokhov,  Yu.  N.  11 

Belozerov,  S.  A.  5 

Lominadze,  D.  G.  26 

Berzon,  I.  S.  71 

Lozhkin,  V.  L.  115 

Bogachev,  I.  N.  109 

Bukin,  G.  V.  44 

M 

Buzhinskiy,  O.  I.  21 

D 

Malyshev,  G.  M.  15 
Mattheck,  C.  140 

Mesyats,  G.  A.  82,  84 

Deryagin,  B.  V.  52 
Dombrovskiy,  G.  A.  23 

N 

F 

Nikolayev,  F,  A.  37 

Novikov,  N.  P.  13 

Fadina,  M.  P.  64 

Nurgozhin,  B.  I.  42 

Fetisova,  M.  M.  110 

G 

O 

Omel'chenko,  A.  Ya.  16 

Gel'fand,  I.  M.  68 

Gorbenko,  V.  G.  92 

P 

Gulyayeva,  A.  S.  3 

J 

Polyanskiy,  O.  Yu.  2  7 

R 

Juza,  J.  40 

K 

Reshetnikova,  K,  A.  89 
Rysakov,  V.  M.  7 

Kashirskiy,  A.  V.  47 

S 

Kazansky,  L.  N.  86 

Khirseli,  E,  M,  88 

Sabun,  L.  B.  12  0 

Kikvidze,  R.  R.  85 

Samarskiy,  A.  A.  97 

Kiseleva,  L.  G,  64 

Semkin,  B.  V.  82 

Serensen,  S.  V.  118 
Shidlovskiy,  V.  P.  51 
Shlyapnikov,  V.  V.  40 

T 

Tumanov,  A.  T.  113 

V 

Vatolin,  Yu.  N.  2  5 
Vlasov,  V.  I.  33 

W 

Wlodarczyk,  E.  27 

Y 

Yakusheva,  O.  B.  2  8 
Yurgens,  D.  I.  52 

Z 

Zakharova,  A.  I.  76 
Zhigulev,  V.  N.  110 


-154- 


